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PREFACE. 


Thf> common  roads^cf  the  United  States  are  inferio'  to  those 
fvf  any  other  civilized  country.  Their  faults  are  those  of  direc- 
tion, of  slopes,  of  shape,  of  surface,  aud  generally  of  defi- 
ciency in  all  the  attributes  of  good  roads.  Some  of  these 
defects  are  indeed  the  unavoidable  results  of  the  scantiness 
of  capital  and  of  labor  in  a  new  country,  but  most  of  them  arise 
from  an  ignorance  either  of  the  true  principles  of  road-making, 
or  of  the  advantages  of  puttin{j  these  principles  into  prac 
tice.  They  may  therefore  be  removed  by  a  more  general  diffu- 
sion of  scientific  instruction  upon  this  subject,  and  to  assist  in 
bringing  about  this  consummation  is  the  object  of  the  present 
volume.  In  it  the  author  has  endeavored  to  combine,  in  a 
systematic  and  symmetrical  form,  the  results  of  an  engineer- 
ing  experience  in  all  parts  of  the  United  States,  and  of  an 
examination  of  the  great  roads  of  Europe,  with  a  careful  di- 
gestion  of  all  accessible  authorities,  an  important  portion  of 
the  matter  havirig  never  before  appeared  in  English.  He  has 
striven  to  reconcile  the  many  contradictory  theories  and 
practices  of  road-making ;  to  select  from  them  those  whicli 
are  most  in  accordance  with  the  teachings  of  science ;  to 
present  as  clearly  and  precisely  as  possible  the  leading  fea- 
tures of  those  approved,  laying  particular  stress  on  such  as 
are  most  often  violated  or  neglected  ;  and  to  harmonize  the 
successful  but  empirical  practice  of  the  English  engineers 
with  the  theoretical  but  elegant  deductions  of  t!io  French. 


4  PHEFACE.  ■ 

Before  the  construction  of  a  road  is  commenced,  its  makers 
should  well  (ietermine  "  W}mi  il  ought  to  be,"  in  the  vilsl 
points  of  direction,  slopes,  shape,  surface  and  codt.  This  is 
therefore  the  first  topic  discussed  in  this  volume.  Tlie  nexl 
ia  tlie  "  Locatiim"  of  the  road,  or  the  choice  of  the  grouno 
over  which  it  should  pass,  that  it  may  fulfil  the  desired 
conditioDS.  In  thia  chapter  are  given  methods  of  perform, 
lug  all  the  necessary  measurements  of  distances,  directions 
and  heights,  without  the  use  of  any  instruments  but  such  as 
any  mechanic  can  make,  and  any  farmer  use.  The  "  Cim- 
Struction"  of  the  road  ia  next  explained  in  its  details  of  Excii- 
vation,  Embankment,  Bridges,  Culverts,  (fee.  At  this  stage 
of  progress  our  road-makers  too  generally  stop  short,  but  iho 
road  should  not  be  considered  complete  till  "  The  Improve 
meni  of  Us  surface"  has  been  carried  to  as  high  a  degree  of 
perfection  as  the  funds  of  the  work  will  permit.  Under  ihiN 
id  earth,  gravel,  McAdam,  paved,  plank  and 
Rail-roads,"  and  their  motive  powers,  are  i 
e  next  chapter.  The  "  Management  of  ioien  I 
roads"  is  last  taken  up,  the  evils  of  the  present  system  of 
Road-tax  are  shown,  and  a  better  system  is  suggested,  lu  | 
the  "  Appendix"  are  minute  and  practical  examples  of  thn  i 
calculations  of  Excavation  and  Embankment. 

To  enable  (his  volume  (he  better  to  attain  its  aim  of  being 
doubly  useful,  as  a  popular  guide  for  the  farmer  in  improving 
the  roads  in  his  neighborhood,  and  na  a  College  Text  book, 
Intioductory  to  the  general  study  of  Civil  Engineering,  the 
tnnthemnticnl  investigations  and  professional  details  have  been 
priutnd  in  smaller  type,  so  as  to  be  readily  passed  over  bv 
the  iinscienlific  reader. 
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TTifc  emintum  roads  <tf  the  United  Slates  are  ii^eno-  U>  tio*: 
nf  awi  .ilher  nioUized  country.  Their  faults  are  those  of  direc- 
lion,  of  slopes,  of  shape,  of  surface,  and  generally  of  defi- 
oieiicy  in  all  the  attribuniis  of  good  roads.  Some  of  these 
defect?  are  indeed  the  unavsidable  results  of  the  scn.ntine&a 
of  capital  and  of  labor  in  anewooUQiry,  but  most  of  them  arise 
from  Hn  ignorance  either  of  the  Inii!  principlcii  of  rond-making, 
or  of  the  advantages  of  puttiiijt  these  principles  into  prac 
tico.  They  may  therefoi'e  be  reratved  by  a  more  general  diffu- 
sion of  saientific  instruction  upon  this  subject,  and  to  assist  in 
bringing  about  this  consummation  is  the  object  of  itie  presenl 
volume.  In  it  the  author  has  endeavored  to  combine,  in  a 
systematic  and  symmetrical  form,  the  results  of  an  engineer- 
ing experience  in  all  pans  of  the  United  Stales,  and  of  an 
examinatictti  of  the  great  roads  of  Europe,  with  a  careful  di- 
geelion  of  all  accessible  authorities,  an  im[wrlan[  portion  of 
the  matter  having  never  before  appeared  in  English.  He  lias 
striven  to  reconcile  the  many  eontradicUiry  theories  and 
practices  of  road-making  ;  to  select  from  them  thf^e  which 
are  most  in  accordance  with  the  teachings  of  science ;  to 
present  as  clearly  and  precisely  as  possible  the  leading  fea- 
turea  of  those  approved,  laying  particular  stress  on  such  aa 
are  most  often  violated  or  neglected  ;  and  to  harmonize  the 
Auccessful  but  empirical  practice  of  the  English  enginecre 
with  the  theoretical  but  elegant  deductions  of  l!ip  t're.wit^. 
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PREFACE. 


71u>  common  road 8.  of  the  United  States  are  inferio-  to  those 
of  any  otfier  civilized  country.  Their  faults  are  those  of  direc- 
tion, of  slopes,  of  shape,  of  surface,  and  generally  of  defi- 
ciency in  all  the  attributes  of  good  roads.  Some  of  these 
defect?  are  indeed  the  unavoidable  results  of  the  scantiness 
of  capital  and  of  labor  in  a  new  country,  but  most  of  them  arise 
from  an  ignorance  either  of  the  true  principles  of  road-making, 
or  of  the  advantages  of  puttin^j  these  principles  into  prac 
tice.  They  may  therefore  be  removed  by  a  more  general  diffu- 
sion of  scientific  instruction  upon  this  subject,  and  to  assist  in 
bringing  about  this  consummation  is  the  object  of  the  present 
volume.  In  it  the  author  has  endeavored  to  combine,  in  a 
systematic  and  symmetrical  form,  the  results  of  an  engineer. 
ing  experience  in  all  parts  of  the  United  States,  and  of  an 
examination  of  the  great  roads  of  Europe,  with  a  careful  di- 
gestion  of  all  accessible  authorities,  an  important  portion  of 
the  matter  havirig  never  before  appeared  in  English.  He  has 
striven  to  reconcile  the  many  contradictory  theories  and 
practices  of  road-making ;  to  select  from  them  those  which 
are  most  in  accordance  with  the  teachings  of  science ;  to 
present  as  clearly  and  precisely  as  possible  the  leading  fea- 
tures of  those  approved,  laying  particular  stress  on  such  as 
are  most  often  violated  or  neglected  ;  and  to  harmonize  the 
successful  but  empirical  practice  of  the  English  engineers 
with  the  theoretical  but  elegant  deductions  of  t!ie  French. 


4  PKEFACE. 

Before  the  construction  of  a  road  is  commenced,  its  makers 
should  well  determine  "  What  it  ought  to  be,''  in  ihe  vital 
points  of  direction,  slopes,  shape,  surface  and  cost.  This  is 
therefore  the  first  topic  discussed  in  this  volume.  The  next 
is  the  "  Location''  of  the  road,  or  the  choice  of  the  grouno 
over  which  it  should  pass,  that  it  may  fulfil  the  desired 
conditions.  In  this  chapter  are  given  methods  of  perform- 
ing all  the  necessary  measurements  of  distances,  directions 
and  heights,  without  the  use  of  any  instruments  but  such  a« 
any  mechanic  can  make,  and  any  farmer  use.  The  "  Con- 
struction" of  the  road  is  next  explained  in  its  details  of  Exca- 
vation, Embankment,  Bridges,  Culverts,  &c.  At  this  stage 
of  progress  our  road-makers  too  generally  stop  short,  but  the 
road  should  not  be  considered  complete  till  "  The  Improve 
ment  of  its  surface"  has  been  carried  to  as  high  a  degree  of 
perfection  as  the  funds  of  the  work  will  permit.  Under  this 
head  are  examined  earth,  gravel,  McAdam,  paved,  plank  and 
other  roads.  "  Rail-roads"  and  their  motive  powers,  are 
treated  of  in  the  next  chapter.  The  "  Management  of  town 
roads"  is  last  taken  up,  the  evils  of  the  present  system  of 
Road-tax  are  shown,  and  a  better  system  is  suggested.  In 
the  "  Appendix"  are  minute  and  practical  examples  of  the 
calculations  of  Excavation  and  Embankment. 

To  enable  this  volume  the  better  to  attain  its  aim  of  being 
doubly  useful,  as  a  popular  guide  for  the  farmer  in  improving 
the  roads  in  his  neighborhood,  and  as  a  College  Text  book, 
intioductory  to  the  general  study  of  Civil  Engineering,  the 
mathematical  investigations  and  professional  details  have  been 
printed  in  smaller  type,  so  as  to  be  readily  passed  over  bv 
the  unscientific  reader. 

Note.— The  additions  in  this  edition  of  the  Manual  or  Roads  and  Eail 
BOADB,  are  from  the  no*;es  of  the  author's  le^urcs  to  the  Civil  Engineering 
;^secB  in  Union  CollAge.  C.  8, 
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INTRODUCTION. 


The  Roads  of  a  country  are  accurate  and  certain  tests 
of  the  degree  of  its  civilization.  Their  construction  is 
one  of  the  first  indications  of  the  emergence  of  a  people 
from  the  savage  state  ;  and  their  improvement  keeps  pace 
with  the  advances  of  the  nation  in  numbers,  wealth,  in- 
dustry, and  science — of  all  which  it  is  at  once  an  element 
and  an  evidence. 

Roads  are  the  veins  and  arteries  of  the  body  politic, 
for  through  them  flow  the  agricultural  productions  and  the 
commercial  supplies  which  are  the  life-blood  of  the  state. 
Upon  the  sufficiency  of  their  number,  the  propriety  of 
their  directions,  and  the  unobstructedness  of  their  courses, 
depend  the  ease  and  the  rapidity  with  which  the  more 
distant  portions  of  the  system  receive  the  nutriment  which 
is  essential  to  their  life,  health,  and  vigor,  and  without  a 
copious  supply  of  which  the  extremities  must  languish 
and  die. 

But  roads  belong  to  that  unappreciated  class  of  bless 
ings,  of  which  the  value  and  importance  are  not  fully  felt 
because  of  the  very  greatness  of  their  advantages,  which 
are  so  manifold  and  indispensable,  as  to  have  rendered 
their  extent  almost  universal  and  their  origin  forgotten. 
Perhaps  wc  will  better  appreciate  them,  if  we  endeavor  lo 


16  MANUAL    OF    ROAD-MAKING. 

imagine  what  would  be  our  condition  if  none  had  ever 
been  constructed. 

Suppose,  then,  that  a  traveller  had  occasion  to  go  from 
Boston  to  Albany,  and  that  no  road  between  the  two 
places  was  yet  in  existence.  In  the  first  place,  how  would 
he  find  his  way  ?  Even  if  he  knew  that  his  general  di 
rection  should  be  towards  the  setting  sun,  the  sun  would 
be  often  hidden  by  day,  and  the  stars  by  night ;  and,  there 
being  no  roads,  there  would  be  no  engineers  and  no  sur 
veyor's  compass.  The  moss  upon  the  north  side  of  the 
trees  might  be  in  some  degree  a  guide  to  him,  if  he  were 
skilled  in  woodcraft ;  but  he  would  at  last  become  so  be- 
wildered, that,  like  lost  hunters  on  the  prairies,  he  would 
begin  to  believe  that  the  sun  rose  in  the  west,  set  in  the 
east,  and  was  due  north  at  mid-day. 

Allowing,  however,  that  he  was  fortunate  enough  to 
retain  the  true  direction,  w^ould  he  be  able  to  follow  it  ^ 
In  the  forest  he  must  force  for  himself  a  passage  through 
ihe  tangled  underwood,  and  make  long  circuits  around  the 
fallen  trees,  wliich  no  axe-men  have  as  yet  cleared  away. 
Through  the  swamp  he  must  struggle  amid  the  slippery 
and  deceitful  mud.  for  no  road-maker  has  yet  built  the 
causeway.  Over  the  mountain  he  must  clamber  only  to 
again  descend,  for  topographical  science  has  not  taught 
him  how  much  he  would  gain  by  winding  around  its  base. 
The  rocky  walls  of  precipices  he  must  arduously  climb, 
and  perilously  descend,  for  no  engineer  has  as  yet  blasted 
a  passage  through  them.  Meeting  a  deep  river,  or  even 
a  mere  mountain  torrent,  if  he  cannot  ford  or  swim  it,  he 
must  seek  its  head  with  many  miles  of  added  travel,  to  be 
doubled  again  b}  his  return  to  his  original  direction.  All 
this  while,  too,  he  can  subsist  only  by  precarious  hunting ; 
for,  there  being  no  roads,  there  would  be  no  inns,  and 


INTRODLCTION.  17 

he  can  scaicely  carry  himself  along,  much  less  a  store  of 
provisions. 

Look  now  at  the  contrast,  and  at  the  ease,  speed,  and 
comfort  with  which  the  modern  traveller  jflies  from  place 
to  place  upon  that  best  of  all  roads,  a  railroad. 

But  tlie  increase  of  personal  comfort  is  only  a  petty 
item  in  estimating  the  importance  of  roads,  even  in  despite 
of  Dr.  Johnson's  exclamation,  that  life  has  no  greater 
pleasure  than  being  whirled  over  a  good  road  in  a  post- 
chaise.  More  important  is  the  consideration,  that,  in 
the  absence  of  such  facilities,  the  richest  productions 
of  nature  waste  on  the  spot  of  their  growth.  The  lux- 
uriant crops  of  our  western  prairies  are  sometimes  left 
to  decay  on  the  ground,  because  there  are  no  rapid  and 
easy  means  of  conveying  them  to  a  market.  The  rich 
mines  in  the  northern  part  of  the  state  of  New  York  are 
comparatively  valueless,  because  the  roads  among  the 
mountains  are  so  few  and  so  bad,  that  the  expense  of  the 
transportation  of  the  metal  would  exceed  its  value.  So, 
too,  in  Spain,  it  has  been  known  after  a  succession  of 
abundant  harvests,  that  the  wheat  has  actually  been  al- 
lowed to  rot,  because  it  would  not  repay  the  cost  of  car- 
riage.* In  that  country,  for  similar  reasons,  sheep  are 
killed  for  their  fleece  only,  and  the  flesh  is  abandoned  ;  as 
is  likewise  the  case  with  cattle  in  Brazil,  slaughtered 
merely  for  their  hides. 

Such  are  the  eifecls  of  the  almost  total  want  of  roads. 
Among  those  which  do  exist,  the  difference,  as  to  ease, 
rapidity,  and  econoniy  of  transportation,  caused  by  the  va 
rious  degrees  of  skill  and  labor  bestowed  upon  them,  is 
much  greater  than  is  usually  imagined,  particularly  by 
farmers,  whom  they  most  concern. 

*  Edinburgh  Review,  Ixv.  448. 
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One  important  difference  lies  in  the  grades  or  longilu- 
dinai  slopes  of  a  road.  Suppose  that  a  road  rises  a  hun- 
dred feet  in  the  distance  of  two  thousand  feet.  Its  ascend- 
ing slope  is  then  one  in  twenty,  and  (as  will  be  hereafter 
proven)  one-twentieth  of  the  whole  load  drawn  over  :t  in 
one  direction,  must  be  actually  lifted  up  this  entire  height 
of  one  hundred  feet.  But  upon  such  a  slope  a  horse  can 
draw  only  one  half  diS  much  as  he  can  upon  a  level  road, 
and  two  horses  will  be  needed  on  such  a  road  to  do  the 
usual  work  of  one.  If  the  road  be  intrusted  to  the  care 
of  a  skilful  engineer,  and  be  made  level  by  going  round 
hills  instead  of  over  them,  or  in  any  other  way,  there  will 
be  a  saving  of  one  half  of  the  former  expense  of  carriage 
on  it. 

Another  great  difference  in  roads  lies  in  the  nature  of 
their  surfaces ;  one  being  hard  and  smooth,  and  another 
soft  and  uneven.  On  a  well-made  road  of  broken  stone,  a 
horse  can  draw  three  times  as  much  as  he  can  upon  a 
gravel  road.  By  making,  then,  such  a  road  as  the  former 
(according  to  the  instructions  in  Chapter  IV.)  in  the  place 
of  the  latter,  the  expenses  of  transportation  will  be  re- 
duced to  one-third  of  their  former  amount,  so  that  two- 
thirds  will  be  completely  saved,  and  two  out  of  three  of  all 
the  horses  formerly  employed  can  then  be  dispensed  with.* 
If  such  an  improvement  can  be  made  for  a  sum  of  money, 
the  interest  of  which  will  be  less  than  the  total  amount  of 
the  annual  saving  of  labor,  it  will  be  true  economy  to 
make  it,  however  great  the  original  outlay ;  for  the  de 

*  In  the  absence  of  such  an  improvement,  when  the  Spanish  govern- 
ment required  a  supply  of  grain  to  be   transferred  from  Old  Castile  to 
Madrid,  30,000  horses  and  mules  were  necessary  for  the  transportation  of 
480  tons  of  wheat.     Upon  a  broken -stone  road  of  the  best  sort,  one-hun 
iiedtk  of  tliat  number  could  easily  have  done  the  work. 
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0181011  of  all  such  questions  depends  on  considerations  of 
comparative  profit.  This  part  of  the  subject  will  be  more 
minutely  examined  at  the  end  of  Chapter  I.,  in  considering 
"  What  roads  ought  to  be  as  to  their  cost^ 

The  profits  of  such  improvements  are  not  confined  to  the 
proprietors  of  a  road,  (whether  towns,  or  companies  re 
munerated  for  these  expenditures  by  tolls)  but  are  shared 
by  all  who  avail  themselves  of  the  increased  facilities ; 
consumers  and  producers,  as  well  as  road-owners.  If 
wheat  be  worth  in  a  city  a  dollar  per  bushel,  and  if  it 
cost  25  cents  to  transport  it  thither  from  a  certain  farming 
district,  it  will  there  necessarily  command  only  75  cents. 
If  now  by  improved  roads  the  cost  of  carriage  is  reduced 
to  10  cents,  the  surplus  15  cents  on  each  bushel  is  so  much 
absolute  gain  to  the  community,  balanced  only  by  the  cost 
of  improving  the  road.  Supposing  that  a  toll  of  5  cents 
will  pay  a  fair  dividend  on  this,  there  remains  10  cents  per 
bushel  to  be  divided  between  the  producer  and  the  con 
sumer,  enabling  the  former  to  sell  his  wheat  at  a  higher 
price  than  before,  while  at  the  same  lime  the  latter  obtains 
it  at  a  less  cost. 

Agriculture  is  thus  directly,  and  likewise  indirectly,  de 
pendent  in  a  great  degree  upon  good  roads  for  its  success 
and  rewards.  Directly,  as  we  have  just  seen,  these  roads 
carry  the  productions  of  the  fields  to  the  markets,  and 
bring  to  them  in  return  their  bulky  and  weighty  materials 
of  fertilization,  at  a  cost  of  labor  which  grows  less  and  less 
as  the  roads  become  better.  Indirectly,  the  cities  and 
towns,  whose  dense  population  and  manufacturing  indus- 
try make  them  the  best  markets  for  farming  produce, 
are  enabled  to  grow  and  to  extend  themselves  indefinitely 
by  roads  alone,  which  supply  the  place  of  rivers,  to  the 
banks  of  which  these  great  towns  would  otherwise  be  no- 
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The  changes  in  the  condition  of  a  country  which  such 
improvements  effect,  are  of  the  highest  importance.  There 
is  as  much  truth  as  blundering  in  the  famous  couplet  wiii- 
len  by  an  enthusiastic  admirer  of  the  roads  which  Marsha) 
Wade  opened  through  the  Scottish  Highlands  : 

'*  Oh,  had  you  only  seen  these  roads  before  they  were  made, 
You  would  lift  up  your  eyes  and  bless  Marshal  Wade  !" 

His  military  road  is  said  to  have  done  more  for  the  civili 
zation  of  the  Highlands  than  the  preceding  efforts  of  all 
the  British  monarchs.  But  the  later  roads  under  the  more 
scientific  direction  of  Telford,  produced  a  change  in  the 
state  of  the  people  which  is  probably  unparalleled  in  the 
history  of  any  country  for  the  same  space  of  time.  Large 
crops  of  wheat  now  cover  former  wastes  ;  farmers,  houses 
and  herds  of  cattle  are  now  seen  where  was  previously  a 
desert ;  estates  have  increased  sevenfold  in  value  and 
annual  returns ;  and  the  country  has  been  advanced  al 
least  one  hundred  years.  In  Ireland  similar  effects  have 
been  produced,  and  the  face  of  the  country  in  some  dis- 
tricts has  been  completely  renovated.  The  enlarged  labors 
of  the  public  works,  now  undertaken  in  that  country  by 
the  government,  though  commenced  only  for  temporarv 
relief,  will  not  fail  to  produce  great  permanent  benefits. 

The  moral  results  of  such  improvements  are  equally 
admirable.  Telford  testifies  that  in  the  Highlands  they 
greatly  changed  for  the  better  the  habits  of  the  great 
working  class.  Thus,  too,  when  Oberiin  wished  to  im- 
prove the  spiritual  condition  of  his  rude  flock,  he  began 
by  bettering  their  physical  state,  and  led  out  his  whole 
people  to  open  a  road  of  communication  between  theii 
secluded  valley  and  the  great  world  without.  The  won- 
derful moral  and  intellectual  amelioration  which  ensued 
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was  an  unmislakeable  tribute  to  the  civilizing  ami  eleva 
ting  influence  of  good  roads. 

Among  the  most  remarkable  consequences  of  the  im- 
j)rovemcnl  of  roads,  is  the  rapidly  increasing  proportion  in 
which  their  benefits  extend  and  radiate  in  every  direction, 
as  impartially  and  benignantly  as  the  similarly  diverging 
rays  of  the  sun.  Around  every  town  or  market-place  we 
may  conceive  a  number  of  concentric  circles  to  be  drawn, 
enciusing  areas  from  any  part  of  which  certain  kinds  of 
produce  may  be  profitably  taken  to  tlie  town ;  while  from 
any  point  beyond  each  circumference,  tli^  expense  of  the 
carriage  of  the  particular  article  would  exceed  its  value. 
Tims  the  mner  circle,  at  the  centre  of  which  is  the  town, 
may  show  the  limit  in  every  direction  from  beyond  which 
perishable  vegetables,  or  articles  very  bulky  or  heavy  in 
proportion  to  their  value,  cannot  be  profitably  brought  to 
market ;  the  next  larger  circle  may  show  the  limit  of 
fruits  ;  and  so  on.  If  now  the  roads  are  improved  in  any 
way,  so  as  in  any  degree  to  lessen  the  expense  of  car- 
riage, the  radius  of  each  circle  is  correspondingly  in- 
creased, and  the  area  of  each  is  enlarged  as  the  square  of 
this  ratio  of  increase.  Thus,  if  the  improvement  enables 
a  horse  to  draw  twice  as  much  or  to  travel  twice  as  fas4 
as  he  did  before,  each  of  the  limiting  circles  is  expanded 
outward  to  twice  its  former  radius,  and  embraces  faui 
times  its  former  area.  If  the  rate  of  improvement  be 
threefold,  the  increase  of  area  is  ninefold  ;  and  so  on 
All  the  produce,  industry,  and  wealth,  which  by  these  im 
provements  finds,  for  the  first  time,  a  market,  is  as  it  were 
a  new  creation.* 

The  number  of  passengers  is  governed  by  similar  laws  ; 


•  Dr.  Anderson. 
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ITib common  road&qf  the  United  States  are  inferto-  to  those 
of  any  other  civilized  country.  Their  faults  are  those  of  direc- 
tion, of  slopes,  of  8bape,  of  surface,  and  generally  of  defi- 
ciency in  all  the  attributes  of  good  roads.  Some  of  these 
defects  are  indeed  the  unavoidable  results  of  the  scantiness 
of  capital  and  of  labor  in  a  new  country,  but  most  of  them  arise 
from  an  ignorance  either  of  the  true  principles  of  road-making, 
or  of  the  advantages  of  puttin^j  these  principles  into  prac 
tice.  They  may  therefore  be  removed  by  a  more  general  diffu- 
sion of  scientific  instruction  upon  this  subject,  and  to  assist  in 
bringing  about  this  consummation  is  the  object  of  the  present 
volume.  In  it  the  author  has  endeavored  to  combine,  in  a 
systematic  and  symmetrical  form,  the  results  of  an  engineer, 
ing  experience  in  all  parts  of  the  United  States,  and  of  an 
examination  of  the  great  roads  of  Europe,  with  a  careful  di- 
gestion of  all  accessible  authorities,  an  important  portion  of 
the  matter  having  never  before  appeared  in  English.  He  has 
striven  to  reconcile  the  many  contradictory  theories  and 
practices  of  road-making ;  to  select  from  them  those  which 
are  most  in  accordance  with  the  teachings  of  science ;  to 
present  as  clearly  and  precisely  as  possible  the  leading  fea- 
tures of  those  approved,  laying  particular  stress  on  such  as 
are  most  often  violated  or  neglected ;  and  to  harmonize  the 
successful  but  empirical  practice  of  the  English  engineers 
with  the  theoretical  but  elegant  deductions  of  t!io  French. 
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at  large.  The  disiiiiguis^hing  characteristic  of  a  modem  rail- 
road, as  compared  with  a  "  tram  road,"  and  that  to  which 
iis  peculiar  power  is  cliieflv  due,  is  the  projecting  flanges 
of  the  wiieels  of  its  carriages,  by  which  they  are  retained 
ujion  the  rails.  But  ihis  peculiarity,  in  an  equal  degree, 
lessens  its  advantages  to  the  agricultural  population;  since 
the  vehicles  which  are  adapted  to  travel  on  railroads  can 
not  be  used  on  the  common  roads  leading  to  them,  nor  in 
the  ordinary  labors  of  tlie  farm  ;  while  on  all  other  im 
proved  roads  the  same  wagons,  horses,  and  men,  employed 
at  one  season  in  cultivating  the  ground,  can  also  be  pro- 
fitably employed,  in  their  otherwise  idle  moments,  in  con- 
veying the  produce  to  a  market.  For  these  reasons,  even  if  a 
railroad  came  to  every  man's  door,  he  could  more  economi 
cally  use  a  good  common  road  ;  but  smce,  on  the  con- 
trary, the  expense  of  the  construction  of  railroads  must  al 
ways  restrict  them  to  important  lines  of  communication, 
(where,  indeed,  their  value  can  scarcely  be  estimated  too 
highly)  in  every  other  situation,  the  greatest  good  of  the 
greatest  number,  and  the  most  universal  benefits  with  the 
fewest  accompanying  evils,  will  be  most  effectually  se- 
cured, by  improving  (in  accordance  wiih  the  principles 
to  be  presently  set  forth)  the  people  s  highways — the 
common  roads  of  the  country. 

In  this  analytical  examination  of  the  subject  of  Road- 
making,  it  will  be  considered  under  the  following  general 
heads  : 

1.  What  Roads  ought  to  be. 

2.  Their  Location, 

3.  Their  Construction, 

4.  Improvement  of  their  Surface 


/ 


CHAPTER  I. 

WHAT    ROADS    OUGHT    TO    BE. 

**  The  art  of  Road-making  must  essentially  depend  for  its  succesB  oil 
its  being  exercised  in  conformity  with  certain  general  principles ;  and 
heir  justness  should  be  rendered  so  clear  aud  self-evident  as  not  to  admit 
jf  any  controversy." 

Sir  Henry  Parnkll. 

Rapidity,  safety,  and  economy  of  carriage  are  the  ob- 
jects of  roads.  They  should  therefore  be  so  located  and 
constructed  as  to  enable  burdens,  of  goods  and  of  passen- 
gers, to  be  transported  from  one  place  to  another,  in  the 
least  possible  time,  with  the  least  possible  labor,  and.  con- 
sequently, with  the  least  possible  expense. 

To  attain  these  important  ends,  a  road  should  fulfil  cer- 
tain conditions,  which  the  nature  of  the  country  over  which 
it  passes,  and  other  circumstances,  may  render  imJDo&sibie 
to  unite  and  reconcile  in  one  combination;  but  to  the  union 
of  which  we  should  endeavor  to  approximate  as  nearly  as 
possible  in  forming  an  actual  road  upon  the  model  or  ihijr 
i('eally  perfect  one.     We  will  therefore  investigate — 

What  roads  ought  to  be, 

1.  As  to  their  direction. 

2.  As  to  their  slopes, 

3.  As  to  their  cross-section 

4.  As  to  their  surface. 
6.  As  to  their  cost. 
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1.  WHAT  ROADS  OUGHT  TO  BE,  AS  TO  THEIB  DIREOTIOli: 

IMPORTANCE    OF    STRAIGHTNES8. 

Every  road,  oilier  things  being  equal,  should  be  per* 
fectly  straight,  so  thai  its  length,  and,  therefore,  the  time- 
and  labor  expended  in  travelling  upon  it,  should  be  the  least 
possible  ;  i.  e.,  its  alignemens^  or  directions,  departing 
iroin  one  extremity  of  it,  should  constantly  tend  towards 
the  other 

Any  unnecessary  excess  of  length  causes  a  constani 
threefold  waste  ;  firstly,  of  the  interest  of  the  capital  ex 
pended  in  making  that  uiniecessary  portion  ;  secondly,  of 
the  ever-recurring  expense  of  repairing  it ;  and,  thirdly,  of 
the  time  and  labor  employed  in  travelling  over  it.  It  will 
therefore  be  good  economy  to  expend,  in  making  topo- 
graphical examinations  for  the  purpose  of  shortening  the 
road,  any  amount  less  than  not  only  that  sum  which  the 
distance  thus  saved  would  have  cost,  but,  in  addition,  that 
principal  which  corresponds  to  the  annual  cost  of  the  re- 
pairs and  of  the  labor  of  draught  which  would  have  been 
wasted  upon  this  unnecessary  length. 

ADVANTAGES    OF    CURVING. 

The  importance  of  making  the  road  as  level  as  possible 
will  be  ex])laincd  in  the  next  section,  and  as  a  road  can  in 
few  cases  be  at  the  same  time  straight  and  level,  these  two 
requirements  will  often  conflict,  hi  such  caseh, straig htneas 
should  always  be  sacrificed  to  obtain  a  levels  or  to  make 
the  road  less  steep.  This  is  one  of  the  most  irpportant 
principles  to  be  observed  m  laying  out  or  improving  a  road, 
and  it  is  the  one  most  often  violated. 

A  straight  road  over  an  uneven  and  hjUy  country  may, 
at  first  view,  when  merely  seen  upon  the  map,  be  pro 
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nounced  to  be  a  bM  road  ;  for  the  straightness  musi  have 
been  obtained  either  by  submitting  to  steep  slopes  in  as- 
cending the  hills  and  descending  into  the  valleys,  or  these 
natural  obstacles  must  have  been  overcome  by  incurring 
a  great  and  unnecessary  expense  in  making  deep  cuttings 
and  fiUings. 

A  good  road  should  wind  around  these  hills  instead  of 
running  over  them,  and  this  it  may  often  do  without  at  all 
increasing  its  length.  For  if  a  hemisphere  (such  as  half 
a  bullet)  be  placed  so  as  to  rest  upon  its  plane  base,  the 
halves  of  great  circles  which  join  two  opposite  points  of 
this  base  are  all  equal,  wliether  they  pass  horizontally  or 
vertically.  Or  let  an  egg  be  laid  upon  a  table,  and  it  wi.? 
be  seen  that  if  a  level  line  be  traced  upon  it  from  one  end 
to  the  other,  it  will  be  no  longer  than  the  line  traced  be- 
tween the  same  points,  but  passing  over  the  top.  Pre- 
cisely so  may  the  curving  road  around  a  hill  be  often  no 
longer  than  the  straight  one  over  it ;  for  the  latter  road  is 
straight  only  with  reference  to  the  vertical  plane  which 
passes  through  it,  and  is  curved  with  reference  to  a  hori 
zontal  plane ;  while  the  former  level  road,  though  curved 
as  to  the  vertical  plane,  is  straight  as  to  a  horizontal  one. 
Both  lines  thus  curve,  and  we  call  the  latter  one  straight 
in  preference,  only  because  its  vertical  curvature  is  less 
apparent  to  our  eyes. 

The  difference  in  length  between  a  straight  road  and 
one  which  is  slightly  curved  is  very  small.  If  a  road  be- 
tween two  places  ten  miles  apart  were  made  to  curve  so 
that  the  eye  could  nowliere  see  farther  than  a  quarter  of 
a  mile  of  it  at  once,  its  length  would  exceed  that  of  a 
perfectly  straight  road  between  the  same  points  by  only 
about  one  hundred  and  fifty  yards.* 

•  S(i:anzin,  p.  89. 
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Hul  even  if  ihc  level  aiui  curved  road  were  very  much 
Ionizer  than  t^'L  slraiuiil  and  sleep  one,  it  would  ulmosi 
always  Ix^  l)cller  to  adopt  the  former  ;  for  on  it  a  horse  could 
t^afclv  and  raj'itlly  draw  iiis  full  load,  while  on  the  other  he 
could  carry  only  part  of  his  load  up  the  hill,  and  must  di- 
minish his  speed  in  descending  it.  As  a  general  rule,  the 
horizontal  leimlh  of  a  road  may  be  advantageously  in- 
creased, to  avoid  an  ascent,  by  at  least  twenty  times  the 
})er})endicular  heiiiht  which  is  to  be  thus  saved  ;  that  is,  to 
escape  a  hill  a  hundred  feet  high,  it  would  he  proper  for 
the  road  to  make  such  a  circuit  as  would  increase  its 
length  two  thousand  feel.*  The  matliemalical  axiom  that 
*  a  straight  line  is  the  shortest  distance  between  two 
noHits,"  is  thus  seen  to  be  an  unsafe  guide  in  road- 
m-iaing,  and  less  appropriate  than  the  paradoxical  proverb 
that  '*  the  longest  way  around  is  the  shortest  way  home.' 

The  gently  curving  road,  besides  its  substantial  advan 
tages,  is  also  much  more  pleasant  to  the  traveller  upon  it; 
for  he  is  not  fatigued  by  the  tedious  prospect  of  a  lon^ 
straight  stretch  ol"  road  to  be  traversed,  and  is  met  at  each 
curve  by  a  constaiuly  varied  view. 

It  cannot  oe  too  strongly  impressed  upon  a  road-maker 
that  straightness  is  not.  the  higliest  characteristic  of  a  good 
road.     As  says  Coleridge — 

"  Strai<rht  forward  jjoes 
The  lightning's  flash,  and  straight  the  fearful  path 
Of  the  cannon-ball." 

But  m  Striking  contrast  he  adds — 

•*  The  ROAD  the  human  being  travels, 
That  on  which  blessing  comes  and  goes,  doth  follow 
The  river's  course,  the  valley's  playful  windings. 
Curves  round  the  cornfield  and  the  hill  of  vines."t 


*  This  proportion  depends  on  the  degree  of  friction  assumed,  t  Eulgect 
tc<  be  investigated  in  a  following  section 
♦■  The  Ficcolomini.  i.  4 
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The  passion  for  slraighlness  is  the  great  fault  in  ibe 
location  of  most  roads  in  this  country,  which  too  often 
remind  us  how 

"  The  king  of  France,  with  forty  thousand  men, 
Marched  up  a  hill,  and  then — marched  down  again  ;" 

SO  generally  do  they  clamber  over  hills  which  they  could 
so  much  more  easily  have  gone  around  ;  as  if  their  ma- 
kers, like  Marshal  Wade,  had  "  formed  the  heroic  deter- 
mination of  pursuing  straight  lines,  and  of  defying  nature 
and  wheel-carriages  both,  at  one  valiant  effort  of  courage 
and  of  science." 

One  reason  of  this  is,  that  the  houses  of  the  first  set- 
tlers were  usually  placed  on  hill-tops,  (to  escape  the  poi- 
sonous miasmata  of  the  undrained  swamps,  and  to  detect 
the  approach  of  the  hostile  savages)  and  that  the  first 
roads  necessarily  ran  from  house  to  house.  Our  error 
consists  in  continuing  to  follow  these  primitive  roads  with 
our  great  thoroughfares.  These  original  paths  were  also 
traversed  only  by  men,  and  therefore  very  properly  fol- 
lowed the  shortest  though  steepest  route.  Tracks  foi 
pack-horses  came  next,  and  a  considerable  degree  of 
steepness  is  admissible  in  them  also.  -  Wheeled  carriages 
w^ere  finally  introduced  and  brought  into  use  upon  liie 
same  tracks,  though  too  steep  for  true  economy  of  labor 
with  them — the  standard  of  slope  being  very  different  for 
foot,  horse,  and  carriage  roads  Before  sufficient  attention 
was  paid  to  the  subject,  the  lands  on  either  side  of  the 
road  had  been  fenced  off  and  approprifv\*id  by  individuals, 
and  thup  the  random  tracks  became  the  V^^al  highways. 

The  evi)  is  now  perpetuated  by  the  ui  willingness  of 
farmers  to  allow  a  road  to  run  through  th^k  farms  in  a 
winding  line.    The)  attach  more  importance  t^  the  square 
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ness  of  their  fields  than  to  the  improvement  of  the  lines 
of  their  roads — not  bcinii  aware  how  much  more  labor  is 
wasted  by  them  in  iravelUng  over  these  steep  roads,  than 
there  would   be  in  cuhivating  an   aw^kward  corner  of  a 

held. 

'I'liis  feeling  is  seen  car.ried  to  excess  in  some  of  the 
new  states  of  the  West,  in  which  the  roads  now  run  along 
"  section-lines,''  and  as  these  sections  are  all  squares,  with 
sides  directed  towards  the  cardinal  points  of  the  compass 
a  j)erson  wishing  to  cross  the  country  in  any  other  direc- 
tion than  North,  South,  East  or  West,  must  do  so  in  rec- 
tani^ular  ziii;za<j^s. 

PLEASURE    DRIVES. 

In  roads  designed  solely  for  pleasure  drives,  such  as 
those  laid  out  by  landscape  gardeners  in  parks,  cemeteries, 
&c.,  curvature  is  the  rule,  and  straightness  only  the  ex- 
ception. In  them  the  object  is  to  wind  as  much  as  possible, 
m  Hogarth's  "  line  of  grace,"  so  as  to  obtain  the  greatest 
development  of  length  which  the  area  of  the  ground  will 
permit,  but  at  the  same  time  never  to  appear  to  turn  for 
the  mere  sake  of  curving.  Some  reason  for  the  windings 
must  always  be  suggested,  such  as  a  clump  of  trees,  a  rise 
of  ground,  a  good  point  of  view,  or  any  object  which  may 
conceal  the  artifice  employed.  The  visiter  must  be  de- 
ceived into  the  belief  that  he  is  travelling  over  a  large  area, 
while  he  is  truly  only  retracing  his  steps  and  constantly 
doubling  upon  his  track  ;  but  he  must  do  it  unconsciously, 
or  at  least  without  knowing  the  precise  manner  in  which 
the  pleasant  deception  is  effected.     Ars  est  celare  artem. 

The  map  on  the  opposite  page,  representing  the  roads 
and  paths  in  Greenwood  Cemetery,  will  somewhat  illus- 
trate this  principle 
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Kvci  y  mad  slimild  be  perfectly  level.  If  it  be  not,  a 
larj;<;  purtidii  iif  ilie  strciigtii  of  llie  horaea  which  travel  it 
wilt  be  expended  in  niisiiig  llie  load  up  llie  ascent.  When 
a  weight  (8  drawn  up  an  inclined  plane,  ihc  resistance  of 
the  force  of  gravily,  or  the  weight  lo  be  overcome,  is  such 
a  part  of  llic  whole  wciglil,  as  the  height  of  the  plane  is  of 
its  length  If,  ilicn,  a  road  rises  one  fool  in  every  twenty 
of  its  length,  a  horse  drawing  up  it  a  load  of  one  ton  is 
compelled  lo  actually  lift  up  one-twentieth  of  the  whole 
wcighl,  I.  f.,  one  hundred  pounds,  through  the  whole 
height  of  the  ascent,  besides  overcoming  the  friction  of 
Uie  eiilirc  load. 

Fig.  3. 


prised  In  l)e  !i 

C.     Draw  CA  perpendicular  to  th 

dicular  tu  ihe  surfuue  of  the  hill. 

of  gravity,  or  ihe  weight  of  the  wagon  and  its  load.      It  is 

equivalent,  in  magnitude  and  direction,  lo  Its  two  reelanyiilur 

ciimponeiit  forces,  CB  and  BA.     CB  wi  I  tlicn  represent  the 

force  with  which  the  wagon  presses  on  tho  surface  of  the  ro;id, 

ind  AB  the  resisting  force  of  gravity  ».  e.,  the  force  (inde- 
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pendent  of  friction)  which  resists  the  ascent  of  the  waj^on,  oi 
which  tends  to  drdg  it  down  hill. 

To  find  the  amount  of  this  force,  from  the  two  similar  tri- 
angles, ABC  and  DEF,  we  get  the  proportion 

CA  :  AB  : :  DE  :  EF. 

Representing  the  length  of  the  plane  by  /,  its  height  by  A, 
and  the  weight  of  the  wagon  and  load  by  W,  this  proportion 
becomes 

W  :  AB  :  :  /  :  A, 

whence  A5=W  7  J  that  is,  the  resistance  of  gravity  due  to 

the  inclination,  is  equal  to  the  whole  weight,  multiplied  by  the 
Height  of  the  plane  and  divided  by  its  length.  If  the  inclina- 
tion be  one  in  twenty,  then  this  resistance  is  equal  to  -^  W. 

In  this  investigation,  we  have  neglected  three  trifling  sources 
of  error  :  arising  from  part  of  the  weight  being  thrown  from 
the  front  axles  to  the  hind  ones,  in  consequence  of  the  inclina- 
tion of  the  traces ;  from  the  diminution  of  the  pressure  of 
the  weight,  owing  to  its  standing  on  an  inclined  surface  ;  and 
from  the  hind  wheels  bearing  more  than  half  of  the  pressure, 
in  consequence  of  the  line  of  gravity  falling  nearer  them. 

The  results  of  experiments  fully  confirm  the  deductions 
of  theory  as  to  the  great  increase  of  draught  upon  inch- 
nrtlions.  The  following  table  exhibits  the  force  required 
(according  to  Sir  Henry  Parnell)  to  draw  a  stage  coach 
over  parts  of  the  same  road,  having  different  degrees  of 
inclination : 


Inclination. 

FORCE    OF    DRAUGHT    REQUIRED. 

At  6  miles  per  hour.      At  8  miles  pei  hour.      At  10  miles  per  hour. 

1  in    20 
1  in    26 
1  in    30 
iin    40 
1  in  600 

&68 
213 
165 
160 
111 

296 
219 
196 
166 
120 

318 
225 
200 
172 
128 
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Putting  into  a  difT(^renl  form  the  results  of  these  and  othei 
exp-MiniPiit-,  we  estailisli  the  following  data: 

rallini^  the  load  which  a  horse  can  draw  on  a  level,  1.00 
on  a  Tise.  of  1  in  100  a  horse  can  draw  only   .90* 


1  in 

50 

(i 

.81* 

1  in 

44 

(( 

.75t 

1  in 

10 

u 

.72t 

1  in 

30 

n 

.64t 

I  in 

20 

(( 

.54t 

1  in 

21 

k( 

.50:  ■ 

I  in 
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In  round  numbers,  upon  a  slope  of  1  in  44,  or  IVJO  teei 
lo  the  mile,  a  horse  c;in  draw  only  tlirce-qnarters  as  much 
as  lie  can  u])on  a  level  ;  on  a  slope  of  1  in  24,  or  220  feet  to 
the  nnle,  he  can  draw  only  half  as  much  ;  and  on  a  slope 
of  1  in  10,  or  528  feel  lo  the  mile,  only  one  quarter  as 
much. 

This  ralio  w^ill,  however,  vary  greally  with  the  nature 
and  condition  of  the  road  ;  for,  although  the  actual  re- 
sislance  of  gravity  is  always  absolutely  the  same  upon  the 
same  inclination,  whether  the  road  be  rough  or  smooth, 
yet  it  is  relatively  less  upon  a  rough  road,  and  does  not 
form  so  large  a  proportional  share  of  the  whole  resist- 
ance. 

Thus,  if  the  friction  upon  a  road  were  such  as  to  require, 
upon  a  level,  a  force  of  draught  equal  to  ^'jy  of  the  load,  the  total 
force  required  upon  an  ascent  of  1  in  20,  would  be  io"t"^\j^^=%\- 
Here,  then,  the  resistance  of  gravity  is  two-thirds  of  ibe 
whole. 

If  the  road  be  less  perfect  in  its  surface,  so  that  its  friction 

•  Gayffier.     Experiments  on  a  French  road. 

t  Parneu.     Experiments  on  ar    English  road  at  average  of  Ihi?  three 
\reIocities. 

t  Iiiterjx)latiou.s. 
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:=  ^,  the  total  f«)rce  upon  the  ascent  will  he  ^'5  +  0©  ^  ^""^ 
here,  then,  the  resistance  of  gravity  is  one-half  of  the  whole. 

If   tlir    friction    increase   to    ^^   the   total    resistance   is 
iV"i*?'ft  ~2^iT  '*  21"^  here,  gravity  is  only  one-third  of  the  who).* 

We  thus  see  thai  on  a  rough  road,  with  great  friction, 
cny  inclination  forms  a  much  smaller  part  of  the  resi^Jt- 
ance  than  docs  the  same  inclination  on  a  smooth  road,  on 
which  it  is  much  more  severely  felt,  and  proportionally 
more  injurious ;  as  the  gaps  and  imperfections  which 
would  not  sensibly  impair  the  value  of  a  common  knife, 
would  render  a  fine  razor  completely  useless. 

The  loss  of  power  on  inclinations  is  indeed  even  greater 
man  these  considerations  show  ;  for,  besides  the  increase 
of  draught  caused  by  gravity,  the  power  of  the  horse  to 
overcome  it  is  much  diminished  upon  an  ascent,  and  in 
even  a  greater  ratio  than  that  of  man,  owing  to  its  ana- 
tomical formation  and  its  great  weight.  Though  a  hot^sc, 
on  a  level,  is  as  strong  as  five  men,  yet  on  a  steep  hil!  it 
is  less  strong  than  three  ;  for  three  men,  carrying  each 
100  lbs.,  will  ascend  faster  than  a  horse  with  300  lbs.* 

Inclinations  being  always  thus  injurious,  are  particularly 
so,  where  a  single  steep  slope  occurs  on  a  long  line  oi 
road  which  is  comparatively  level.  It  is,  in  that  case, 
especially  important  to  avoid  or  to  lessen  this  slope,  since 
the  load  carried  over  the  whole  road,  even  the  level  por- 
tions of  it,  must  be  reduced  to  what  can  be  carried  up  the 
ascent.  Thus,  if  a  long  slope  of  1  in  24  occurs  on  a  level 
road,  as  a  horse  can  draw  up  it  only  one  half  of  his  full 
load,  he  can  carry  over  the  level  parts  of  the  road  only 
half  as  much  as  he  could  and  should  draw  thereon 

This  evil  is  sometimes  partially  remedied  by  putting  on 
1  full  load  and  adding  extra  horses  at  tlie  foot  of  the  steep 

*   Emeisfin.     Mechauica 
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slopo.  Oxen  are  iluis  employed  to  assist  carriages  up  the 
high  liills,  on  the  summits  of  which,  for  safely  in  time  of 
war,  liio  Etruscans  built  their  cities  of  Perugia,  Cortona, 
&c.  But  this  is  an  inconvenient,  as  well  as  expensive 
system,  and  the  truest  economy  is,  to  cut  down,  or  to  go 
around  such  accHvities,  whenever  this  is  possible.* 

'I'hc  bad  elfects  of  this  steepness  are  especially  felt  in 
winkT.  when  ice  covers  the  road,  for  the  slippery  surface 
causes  damper  in  descendinir,  as  well  as  increased  labor  in 
ascending.  Tlie  water  of  rains,  also,  runs  down  the  road 
anti  guiiics  it  out,  destroying  its  surface,  and  causing  a 
constant  expense  for  repairs,  oftentimes  great  enough  to 
pay  for  a  permanent  improvement. 

The  loss  of  power  on  inchnations  being  so  great  as  has 
been  shown,  it  follows  that  it  is  very  important  never  to 
allow  a  road  to  ascend  or  descend  a  single  foot  more  than 
is  absolutely  unavoidable.  If  a  hill  is  to  be  ascended,  the 
road  up  it  should  nowliere  have  even  the  smallest  fall  or 
descent,  for  that  would  make  two  hills  instead  of  one  ;  but 
it  should  be  so  located  and  have  such  cuttings  and  fillings, 
as  will  secure  a  gradual  and  uninterrupted  ascent  the 
whole  way. 

In  ihis  point  engineering  skill  can  nnake  wonderful  improve- 
ments. Thus,  an  old  road  in  Anglesea,  laid  out  in  violation  of 
this  rule,  rose  and  fell  between  its  extremities,  24  miles  apart, 
rt  total  perpendicular  amount  of  3,540  feet  ;  while  a  new  road 
laid  out  by  Telford  between  the  same  points,  rose  and  fell  only 
2,257  feet ;  so  that  1,283  feet  of  perpendicular  height  is  now 
dofie  away  with,  which  every  horse  passing  over  the  road  had 
previously  been  obliged  to  ascend  and  descend  with  its  load. 
The  new  road  is,  besides,  more  than  two  miles  shorter.    Such  is 


*  In  Chapter  IV,  under  the  head  of  "  Roads  with  Trackways,*'  will  bo 
described  a  valuable  palliation  of  the  evils  of  steep  ascents  in  case?  wheic 
they  cannot  be  avoided 
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one  of  the  results  of  the  labors  of  a  skilful  road-mako.,  and  many 
(such  improvements  might  be  made  in  our  American  roads 
For  a  recent  remarkable  instance,  see  page  288. 

UNDULATING    ROADS. 

There  is  a  popular  theory  that  a  gently  undulating  road 
is  less  fatiguing  to  horses  than  one  which  is  perfectly  level. 
It  is  said  that  the  alternations  of  ascent,  descent,  and  levels 
call  into  play  different  muscles,  allowing  some  to  rest  while 
the  others  are  exerted,  and  thus  relieving  each  in  turn. 

Plausible  as  this  speculation  appears  at  first  glance,  it 
will  be  found  on  examination  to  be  untrue,  both  me- 
chanically and  physiologically ;  for,  considering  it  in  the 
former  point  of  view,  it  is  apparent  that  new  ascents  are 
formed  which  offer  resistances  not  compensated  by  the 
descents ;  and  in  the  latter,  we  find  that  it  is  contradicted 
by  the  structure  of  the  horse.  The  question  was  submitted 
by  Mr.  Stevenson*  to  Dr.  John  Barclay  of  Edinburgh 
"  no  less  eminent  for  his  knowledge,  than  successful  as 
a  teacher  of  the  science  of  comparative  anatomy,"  ana 
he  made  the  following  reply  : — **  My  acquaintance  with 
the  muscles  by  no  means  enables  me  to  explain  how  a 
horse  should  be  more  fatigued  by  travelling  on  a  road  uni- 
formly level,  than  by  travelling  over  a  like  space  upon  one 
that  crosses  heights  and  hollows  ;  but  it  is  demonstrably 
a  false  idea,  that  muscles  can  alternately  rest  and  come 
into  motion  in  cases  of  this  kind Much  is  to  be  as- 
cribed to  prejudice  originating  with  the  man,  continually 
in  quest  of  variety,  rather  than  with  the  horse,  who,  con- 
sulting only  his  own  ease,  seems  quite  unconscious  oi 
Hogarth's  Line  of  Beauty." 

Since  this  doctrine  is  thus  seen  to  be  a  mere  popular 
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error,  il  shouid  be  utterly  rejected,  not  only  because  f  ilse 
in  itself,  but  slill  more  because  it  encourages  ihe  making 
ol  undulating  roads,  and  thus  increases  the  labor  and  cost 
of  carnage  upon  theni. 

GREATKST    ALLOWABLE    SLOPE. 

A  perfectly  level  road  is  thus  seen  to  be  a  most  desiia 
ble  object  ;  but  as  it  can   seldom  be  completely  attained, 
we  must  next  investigate  the  Imuls  to  which  the  slopes  of 
a  road  should  be  reduced  if  possible    and  determine  what 
Ls  tlie  steepest  allowable  or  maximum  slope. 

This  depends  on  two  dilTerent  considerations,  according 
as  the  sloj^e  is  viewed  as  a  descent  or  as  an  ascent,  each 
of  which  it  alternately  becomes,  according  to  the  direction 
of  the  travel. 

Viewed  as  a  descent,  it  chiefly  concerns  the  safety  of 
rapid  travelling,  and  applies  especially  to  great  public 
roads. 

\  jcwed  as  an  ascent,  it  chiefly  concerns  the  draught  of 
heavy  loads,  and  relates  particidarly  to  routes  for  agricul- 
tural and  other  heavy  transportation. 

MAXIMUM    SLOPE,    CONSIDERED    AS    A     DESCENT. 

The  slope  should  be  so  gentle,  that  when  a  heavy  ve- 
hicle is  descending,  its  gravity  shall  not  overcome  its 
friction  so  far  as  to  permit  it  to  press  upon  rlie  horses. 
This  limiting  slope  corresponds  to  the  *'  angle  of  repose" 
of  mechanical  science  ;  i.  e.,  the  angle  made  with  the 
horizon  by  the  steepest  plane  down  which  a  body  will  not 
slide  of  its  own  accord,  its  gravity  just  balancing  its  fric-» 
tion,  so  that  the  least  increase  of  slope  would  overpower 
the  resistance  of  the  friction,  and  make  the  body  descend 
This   "antrle  of  ret^ose"  should  therefore  be  the  limit  of 
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ihe  slope  of  a  road,  for  on  such  an  inclination  a  vehicle 
once  set  in  motion  would  descend  with  uniform,  unaccel- 
erfited  velocity.  This  angle  varies  with  the  smoothness  and 
hardness  of  the  road,  and  also  with  the  degree  of  friction 
of  the  axles  of  the  carriage.  On  the  very  best  class  of 
broken-stone  roads,  kept  in  good  order,  and  with  a  good 
carriage,  it  is  considered  by  Sir  Henry  Parnell,  from  his 
experiments,  to  be  1  in  35,  (or  151  feet  to  tiie  mile) 
wliich  should  therefore  be  the  maximum  slope  upon  the 
best  roads.*  On  such  a  slope  a  coach  may  be  driven 
down,  with  perfect  safety  and  complete  control,  at  the 
speed  of  twelve  miles  per  hour. 

If  the  inclination  be  steeper  than  this,  the  danger  of  the 
descent  is  greatly  increased,  and  the  speed  must  be  less- 
ened. Jf  it  be  so  steep  that  a  carriage  cannot  be  safely 
driven  down  at  a  greater  speed  thaji  four  miles  per  hour, 
on  every  mile  of  such  a  slope  there  will  be  a  loss  of  ten 
minutes  of  lime,  equivalent  to  two  miles  upon  a  level. 
To  avoid  such  an  inclination,  a  road-maker  would 
therefore  be  justified,  by  considerations  of  time-saving, 
in  adopting  a  level  route  three  times  as  long  as  the 
steep  one. 

V/hen  inclinations  are  reduced  to  this  limit  of  1  in  35, 
there  is  little  loss  of  power,  compared  with  a  perfect  level, 
in  either  direction  of  the  travel ;  for  the  increased  labor  of 
ascending  is  compensated  in  a  great  degree  by  tlie  in- 
creased ease  of  descending,  while  on  a  steeper  slope  this 
advantage  is  nulUfied  by  t^^  necessity  of  the  horses  holding 
back  th^arriage  to  resist  ihe  excess  of  the  force  of  gravity. 

•  On  such  roads  Dr.  Lardner  considers  the  angle  of  repose  to  be  aa 
small  as  1  in  40  ;  while  on  roads  not  well  freed  from  mud  and  dust,  the 
friction  increases  the  angle  to  1  in  30  ;  and  on  an  inferior  class  of  roads  il 
IB  1  in  SO,  or  even  steeper 
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MAXIMl'M    SLOPE,    CONSIDERED    AS    AN    ASCENT. 

Suppose  that  a  road  is  to  be  carried  over  a  hill,  which 
rlees  100  lect  in  a  horizontal  distance  of  500  feet,  (z.  e., 
1  in  5)  and  which  cainiot  be  avoided  by  any  horizontal 
circuit  within  the  hnnts  of  distance  indicated  on  page  28. 
The  question  which  presents  itself  is,  how  steep  can  the 
slope  of  a  road  up  the  side  of  this  hill  be  most  advanta- 
geously laid  out,  since,  by  adopting  a  zigzag  line,  the  road 
may  be  made  as  long  and  therefore  as  gentle  in  the  ascent 
as  may  be  desired  ?  The  shortest  line  would  run  straight 
up  the  face  of  the  hill,  and  this  line  would  give  the  least 
amount  o^  labor  ;  bcit  then  this  labor  for  horses  would  be 
impossible  .  and  even  if  possible,  the  horses  could  not 
draw^  up  the  whole"  load  which  they  had  been  drawing  on 
the  other  parts  of  the;  road,  nor  could  they  descend  it  with 
safety.  But,  on  thc^  other  hand,  the  road  should  approach 
this  shortest  line  as  nearly  as  other  considerations  will 
permit,  since,  if  it  should  zigzag  excessively  for  the  pur- 
pose of  lessening  the  steepness,  it  would  be  so  long  as  to 
'ucrease  unnecessarily  its  cost  and  the  time  and  labor  of 
travel  upon  it.  A  medium  and  compromise  betw^een  these 
two  evils  must  tiierefore  be  found.     What  shall  it  be  ? 

Supposing  the  load  of  a  horse  on  the  level  portions  of 
the  road  to  be  as  much  as  he  can  regularly  and  constantly 
draw,  his  power  of  drawing  it  up  an  ascent  will  depend 
upon  how  much  extra  exertion  he  is  capable  of  putting 
forth.  This  is  not  very  accurately  ascertained  or  defined, 
and  depends  very  much  on  the  length  of  the  ascent,  but 
may  be  assumed  at  double  Lis  usual  exertion.*  Now  a 
horse  drawing  a  ^oad  on  a  lev^l  road  of  the  best  character, 


*  Gayff  er,  p.  9 
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such  as  lias  been  previously  considered,  is  obliged  by  the 
resistance  of  the  friction  to  exercise  against  his  collar  a 
pressure  of  about  one  thirty-fifth  of  the  load.  If  he  can 
just  double  this  exertion,  he  can  lift  one  thirty-fifth  more, 
and  the  slope  which  would  force  him  to  lift  that  proportion 
'would  be  (as  was  shown  on  page  32)  one  of  1  in  35.  On 
this  slope  he  would  therefore  be  compelled  to  double  his 
ordinary  exertion,  and  on  this  supposition  it  would  be  the 
maximum  slope  allowable,  considered  as  an  ascent. 

These  two  methods  of  determining  the  maximum  slope 
(by  considering  it  as  an  ascent  and  as  a  descent)  are  en- 
tirely independent  of  each  other.*  If  they  give  different 
results,  the  smallest  one,  or  the  least  slope  obtained,  must 
be  adopted ;  for,  if  it  be  disadvantageous  to  employ  a 
slope  sleeper  than  1  in  35,  it  must  a  fortiori  be  still  more 
so,  to  employ  one  steeper  than  1  in  30,  or  1  in  20 ;  thougii 
even  greater  slopes  are  too  often  met  with. 

Upon  most  of  our  American  roads  the  resistance  of 
friction  would  be  found  to  be  nearer  gV  than  g'j,  and  1  in 
20  would  therefore  be  their  maximum  slope  with  their 
present  condition  of  surface.  But  as  it  is  to  be  hoped 
that  in  this  respect  they  will,  before  long,  be  greatly  im- 
proved, in  which  case  they  would  demand  more  and  more 
gentle  slopes,  we  should  anticipate  this  desirable  consum- 
mation, by  giving  in  advance  to  all  new  lines  of  road  at 
least,  if  not  to  the  faulty  old  ones,  slopes  not  exceeding  1 
in  30,  which  seems  to  be  a  just  medium. 

•  They  give  identical  results  in  this  case,  only  because  the  extra  exer- 
tion happened  to  be  taken  as  doubled.  Suppose  it  to  be  tripled.  The 
horse  can  lift^  more,  which  corresponds  to  a  slope  of  1  in  17^.  Horsoe 
can  indeed  for  a  short  time  exercise  a  tension  of  six  times  the  usual 
amount,  bat  the  above  assumption  of  double  is  more  lependable,  though  it 
cannot  be  fixed  with  the  precision  vi  hich  is  desirable. 
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The  maximum  estiiblished  by  U  ad  minis  I  ration  des  Pontsei 
C/iaussics^  tlie  French  governnienl  board  of  engineers  of  roads 
and  brid^ics,  is  1  in  20.  This,  however,  was  fixed  at  a  time 
when  the  usual  surface  of  roads  was  niuch  inferior  to  its  pres- 
ent condition. 

Tlie  irreai  Holyhead  road,  made  by  Telford  through  the 
very  mountainous  district  of  North  Wales,  has  1  in  30  for  its 
maximum,  except  in  two  cases,  (one  of  1  in  22,  and  a  very 
sliort  one  of  1  in  17)  ami  in  them  the  surface  of  the  road 
was  made  peculiarly  smooth  and  hard,  so  that  no  difficulty  is 
f(^lt  Ity  loaded  vejiicles  in  ascending.  On  the  old  line  of  road, 
the  inclinations  had  been  sometimes  as  great  as  1  in  6,  1  in  7,  &c 

On  the  iiieai  Alpine  road  over  the  Simplon  pass,  (which 
rises  to  a  lei^riit  of  a  mile  and  a  quarter  above  the  level  of 
the  sea)  the  slopes  averatrc  1  in  22  on  the  Italian  side,  and  1 
in  17  on  the  Swiss  side,  and  in  one  case  only  beconne  as  steep 
as  1  in  13. 

In  the  state  of  New  York  several  turnpike  companies  are 
limited  by  law  to  a  maximum  slope  of  "eighteen  inches  to  a 
rod,"  J.  r.  1  ill  11.  Hut  this  limit  ought  not  to  be  even  ap- 
proached in  practice. 

Oil  our  "  National"  or  "  Cumberland"  road  the  slopes 
ill  many  places  are  much  loo  great,  and  its  superinten- 
dent, Capt.  Wever,  writes*  that  "  if  the  road  had  been 
very  considerably  elongated  in  order  to  eflfect  a  graduation 
at  angles  not  exceeding  three  degrees,  or  I  in  19,  (and  for 
the  maximum,  two  degrees,  or  1  in  29,  would  be  better) 
the  road  could  be  travelled  in  as  short  a  space  of  time  as 
it  now  is,  and  the  power  used  could  move  double  the  bur- 
den it  now  can  ;  thus  rendering  the  road,  for  commercial 
purposes,  doubly  advantageous." 

If  the  ascent  be  one  of  great  length,  it  will  be  advan- 
tageous to  make  steepest  the  lowest  portion  of  it,  upon 
which  the  horses  come  with  their  full  strength,  and  tc 
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make  the  slopes  gentler  towards  the  summit  of  the  as- 
cent, to  correspond  to  the  continually  decreasing  strength 
of  the  fatigued  horses. 

MINIMUM    SLOPE. 

A  true  level  has  been  thus  far  considered  to  be  a  most 
desirable  attribute,  and  one  to  be  earnestly  sought  for,  in 
establishing  a  perfect  road.  This  principle  must  be  qual- 
ified, however,  by  the  announcement  tfiat  there  is  a  iiiini' 
mmn^  or  least  allowable  slope,  which  the  road  must  not 
fall  short  of,  as  well  as  a  maximum  one,  which  it  must  not 
exceed.  If  the  road  were  perfectly  level  in  its  longitu- 
dinal direction,  its  surface  could  not  be  kept  free  from 
water  without  giving  it  so  great  a  rise  in  its  middle  as 
would  expose  vehicles  to  the  danger  of  overturning.  Bui 
when  a  road  has  a  proper  slope  in  the  direction  of  its 
length,  not  only  do  the  side-ditches  readily  discharge  the 
water  which  falls  into  them,  but  every  wheel-track  tfiat  is 
made,  becomes  also  a  channel  to  carry  off  the  water. 

The  minimum  slope  (flatter  than  which  the  road  should 
not  be)  is  assumed  by  an  experienced  English  engineer 
to  be  one  in  eighty,  or  QQ  feet  to  the  mile.  The  minimum 
established  in  France  by  the  Corps  des  Fonts  et  Chaus- 
sees  is  .008,  or  one  in  a  hundred  and  twentv-five,  or  42 
feet  to  the  mile.  An  angle  of  one-half  a  degree  is  often 
named  in  this  connection  ;  it  equals  one  in  a  hundred  and 
fifteen.  In  a  perfectly  level  country  the  road  should  he 
artificially  formed  into  gentle  undulations  approximating 
to  the  minimum  hmit. 

Finally,  then,  we  arrive  at  this  conclusion,  that  the  Ion- 
g^itudinal  slopes  of  a  road  should  be  kept,  if  possible,  be- 
tween 1  in  30  and  1  in  1 25,  never  steeper  than  theformef\ 
nor  neaner  to  a  level  than  the  latter. 
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TABLES    OF      NCLINATIONS. 

Tnerc  being  three  diflferenl  methods  of  specifying  De- 
grees of  inclination,  (viz.  by  the  angle  made  with  the 
horizon,  by  the  proportion  between  the  ascent  and  the 
horizontal  distance,  and  by  the  ascent  per  mile)  it  is  fre- 
(juenily  desirable  to  compare  the  different  expressions. 
The  following  tables  show  the  values  which  correspond  to 
each  other. 


Allfllrs. 

IniMin; 

tii)ns. 

Feet  per  mile. 

*> 

1    in 

115 

46 

ao 

4 

1   in 

76 

69 

1     ° 

1   in 

57 

92 

1.1° 

1   in 

38 

138 

2  ° 

1   in 

29 

184 

2.1° 

1   in 

23 

231 

3  ° 

1   in 

19 

277 

4  ° 

I   in 

11 

369 

5  ° 

I   in 

11 

462 

Inclinations, 

Angles. 

5^  43' 

Feet  per  mile. 

I  in     10 

528 

1  in     13 

4^  24' 

406 

1  in     15 

3°  49' 

352 

1  in     20 

2^   52' 

264 

1   in     25 

2''    18' 

211 

1   in     30 

1°   55' 

176 

1  in     35 

1°  38' 

151 

1   in     40 

1^  26' 

132 

1  in     45 

1°   16 

117 

1  in     50 

1°     9 

106 

1  in   100 

0°  .35 

53 

1  in  125 

0°  28 
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3.    WHAT  ROADS  OUGHT  TO  BE  AS  TO  THEIR  CROSS. SECTION. 

The  cross-section  of  a  road  is  the  view  which  it  would 
present  if  cut  through  at  right  angles  to  its  length,  one  of 
the  portions  being  removed.  It  comprises  the  following 
subjects  of  investigation  : 

1 .  The  width  of  the  rocd. 

2.  T7ie  shape  of  the  road-bed, 

3.  Foot'patfis,  <^c. 
1.  Ditches, 

5.  The  side-slopes  of  the  cuttings  and  fillings. 


SS^"??^ 


\\  IDTJI 


The  proper  width  for  a  road  depends,  of  course,  upon 
its  importance,  and  the  amount  of  travel  upon  it.  Its 
minimum  is  about  one  rod,  or  16i  feet,  sufficient  to  enable 
two  vehicles  to  pass  each  other  with  ease.  For  ordinary 
town  roads  a  good  width  is  from  20  to  25  feet.  A  width 
of  30  feet  is  fully  sufficient  for  any  road,  except  one  which 
forms  the  approach  to  a  very  populous  city. 

Any  unnecessary  width  (such  as  is  often  adopted  ni  a 
spirit  of  public  ostentation)  is  injurious,  not  only  from  its 
waste  of  land,  but  from  its  increase  of  the  labor  and  cost  of 
keeping  the  road  in  repair ;  each  rod  in  width  adding  two 
acres  per  mile  to  the  area  covered  by  the  road. 

In  the  state  of  New  York,  by  the  revised  statutes,  "All 
public  roads,  to  be  laid  out  by  the  commissioners  of  high- 
ways of  any  town,  shall  not  be  less  than  three  rods  wide." 

This  is  to  be  the  width  between  fences  ;  and  no  more 
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of  it  need  he  worked,  or  formed  into  a  surface  for  travel- 
liiiix  upon,  than  is  deemed  necessary. 

Tlie  same  !  iws  declare,  '*  It  shall  be  the  duty  of  the 
commissioners  of  higliways  to  order  the  overseers  of  high 
ways  to  open  all   roads  to  tlie  width  of  two  rods  at  least, 
winch  they  shall  judiic  to  have  been  used  as  public  high 
ways  lor  iwenly  years." 

It  is  als(j  ordered  th.it  ''all  privale  roads  shall  not  be 
more  than  three  rods  wide." 

'riin!j)ike-roa(ls  are  obliged  by  the  statute  to  be  **  laid 
out  not  less  ihan  jour  rods  wide,"  and  '^  twenty -two  feet 
of  such  widlh  lo  be  bedded  with  stone,"  6ic.  When  a 
precipiions  locality  renders  the  full  widtii  impracticable, 
'"  tionitij-two  Jt'cr  IS  the  minimum  width  permitted. 

\\  here  a  road  ascends  a  steep  hill-side  by  zigzags, 
It  should  be  wider  on  the  curves  connectinir  the  siraiaht 
portions.  The  width  of  the  roadway  may  be  increased 
about  one-iourlh,  when  the  angle  between  the  straigiit 
portions  of  the  zigzags  is  from  120^  to  90°;  and  the  in- 
crease should  be  nearly  one-half,  when  tlie  angle  is  from 
90°  to  60".* 

Tlie  Roman  military  roads  had  their  widih  estabhshed,  by 
the  laws  of  the  Twelve  Tables,  at  twelve  feet  when  straight, 
and  sixteen  when  crooked  ;  barely  sufficient  for  the  army,  bapr- 
gage,  and  military  machines. 

The  French  engineers  make  four  different  classes  of  roads. "I 

The  first  class  comprises  such  as  pass  from  the  capital  of 
one  country  to  that  of  another.  Their  width  is  GO  feet,  of 
which  22  in  the  middle  are  stoned  or  paved. 

Those  of  the  second  class  pass  from  the  metropolis  of  a 
country  to  its  other  great  cities.  Their  width  is  52  feet,  of 
which  20  in  the  mid  He  are  stoned. 

Those  of  the  third  class  connect  large  towns  with  each  other 


*  Mahuu,  p.  282.  t  Gayffier,  p.  90 
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and  with  ilrst-class  roads.  Their  width  is  33  feet,  with  16 
feet  in  the  middle  stoned. 

The  fourth  class  contains  common  town  roads.  Their  width 
is  26  feet,  with  the  same  middle  causeway  as  the  last. 

In  England,  the  prescribed  width  for  turnpike-roads  at  the 
approach  to  populous  towns  is  60  feet.  The  limits  of  by-roads 
are,  for  carriage-roads,  20  feel ;  for  horse-roads,  8  feet ;  and 
for  foot-paths,  6^  feet.* 

TelfortVs  Holyhead  road,  a  model  road  for  a  hilly  country, 
has  the  following  width  in  the  clear  within  the  fences :  32  \ocy 
on  flat  ground  ;  28  feet  when  there  are  side-cuttings  less  tha.i 
three  feet  deep  ;  and  22  feet  along  steep  ground  and  precipices. 

The  United  Slates  National  or  Cumberland  road  has  80 
feet  in  width  cleared,  but  the  road  itself  is  only  30  feet. 

The  broken-stone  road  between  Albany  and  Troy  is  32  feet 
wide,  besides  two  sidewalks  of  8  feet  each. 

The  "  Third  Avenue"  of  the  city  of  New  York  is  60  feet 
wide  between  the  sidewalks,  each  of  which  occupies  20  ftct  : 
26  feet  of  its  middle  are  stoned. 

Broadway,  New  York,  is  80  feet  wide  between  the  houses, 
of  which  19  feet  on  each  side  are  occupied  by  the  foot-pave- 
ments, leaving  42  feet  for  the  carriage-way. 

When  broken-stone  roads  are  adopted,  it  is  usual,  for 
the  sake  of  a  saving  in  the  first  cost,  to  make  only  a  cer- 
tain width  or  *'  causeway,"  in  the  middle  of  the  road,  of 
the  harder  material,  and  to  form  the  sides,  or  "  wings,"  of 
the  natural  earth,  (or  of  broken  stone,  if  the  causeway  be 
a  pavement)  which  will  be  preferable  in  summer  and  for 
light  vehicles  and  horsemen. t  Sixteen  feet  for  the  mid- 
dle and  twelve  for  the  sides  is  a  common  proportion. 

If  the  stoned  part  be  made  narrower  than  just  wide  enough 
for  two  carriages  to  pass  upon  it,  it  should  be  made  only  wide 


*  Roads  and  Railroads,  p.  73. 

t  A  serious  objection  to  this  plan  is,  that  the  wheels  which  cross  the 
road,  and  are  alternately  on  the  stone  and  on  the  earth,  will  deposite  ourlh 
upon  the  stone  surface,  to  the  great  deterioration  of  its  advantages. 
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enourrli  for  one  ;  for  any  intprniediate  width  will  be  a  waste  of 
ail  the  surplus  beyond  wlial  one  requires. 

If  the  road  is  to  he  made  wider  than  two  vehicles  require, 
(which  strictly  is  only  \2  feet)  it  should  be  enlarged  at  once  to 
23  feet;  for  any  intermediate  width  will  cause  unequal  and  ex- 
jes^iive  wear,  and  therefore  be  false  economy  :  an  unexpected 
conclusion,  which  results  from  an  investigation  of  Gayffier, 
padres  181-8. 

J I  wuuid  be  preferable  to  place  the  harder  material  on 
tiie  j^ides  o(  the  road,  instead  of  on  the  centre  ;  for  the 
drivers  of  hcuvily-laden  vehicles  will  generally  keep  them 
on  the  sides  ot  the  road,  so  tliat  they  can  walk  on  the  foot- 
paihs  ;  and  if  this  part  be  not  of  the  hardest  material,  it 
will  soon  be  cut  up  and  rutted  by  the  heavy  wagons  fol- 
lowing each  other  in  the  same  track.* 

SHAPE    OF    THE     ROAD-BED. 

In  forming  the  road-bed,  or  travelled  part  of  the  road, 
the  first  and  most  important  point,  in  aflat  country,  is  to 
raise  it  above  the  level  of  the  land  through  which  it  passes 
s(j  that  it  may  be  always  perfectly  free  from  water ;  a 
precaution  which  is  one  of  the  most  essential  requisites 
for  keeping  a  road  in  good  condition.  Roads  are  often 
placed  in  a  hollow-way,  (or  even  a  trench  is  dug,  when 
better  materials  are  to  be  added)  and  their  surface  is 
allowed  to  remain  so  low,  that  they  form  excellent  gutters 
to  drain  the  adjacent  fields,  at  the  expense  of  the  comfort, 
labor,  and  time  of  all  who  travel  them.  Even  the  best 
ditches  cannot  always  secure  them  from  the  land-springs, 
^  which  will  sometimes  pass  under  the  ditches  by  fissures 
which  form  inverted  siphons)  and  the  only  effectual  means 
will  be  the  raising  of  the  surface  by  an  embankment  of 


*  Parnel!,  p.  12P 
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two  or  three  feet.  Tlie  excavations  for  the  ditches  should 
invariably  be  thus  applied. 

The  necessary  elevation  having  been  established,  the 
ahape  of  the  road-bed,  at  right-angles  to  its  length,  or  its 
"  transverse  profile,"  must  be  decided  upon. 

The  road  must  not  be  flat,  but  must  **  crown,"  or  be 
higher  in  its  middle  than  at  its  sides,  so  as  to  permit  the 
water  of  rains  to  rapidly  run  off  into  the  side  ditches.  If 
originally  flat,  it  is  soon  worn  concave,  and  its  middle 
becomes  a  pool,  if  it  be  on  level  ground  ;  or  a  water- 
course, if  it  be  on  an  inclination.  In  the  former  case,  the 
road  becomes  mud ;  in  the  latter,  the  smaller  materials 
are  washed  away,  and  the  larger  stones  left  bare.  Both 
these  evils  are  of  continual  occurrence  on  our  country 
roads,  but  may  be  easily  prevented,  by  shaping  the  road 
according  to  the  instructions  to  be  presently  given. 

The  usual,  though  improper,  shape  given  to  a  road  in 
order  to  make  it  crown,  has  been  a  convex  curve,  ap- 
proaching a  segment  of  a  circle,  or  a  flat  semi-ellipse. 

Fig.  4. 


Though   recommended   by  high   authorities,    it   is    very 

faulty,  in  consequence   of  its   slope  not  being  uniform, 

(the  proportion  between  arcs  and  versed  sines  constantly 

changing)  and  giving  too  little  inclination  near  the  middle, 

and  too  much  at  the  sides.     From  this  peculiarity  the 

following  evils  result : — 

I.  The  water  stands  on  the  middle  of  the  road,  and 

washes  away  its  sides. 

.  2.  It  is  worn  down  very  unequally  :  for  all  carriages,  to 

aTcnd  the  danger  of  overturning  on  the  steep  sides,  will 

4 


50  WHAT    ROADS    OUGHT    TO    BE.. 

take  the  middle  of  the  road,  which  is  the  only  part  of  it 
where  llieycaii  stand  at  all  upright;  while  the  road  ou^ht, 
on  the  contrary,  to  be  so  formed  as  lo  induce  vehicles  to 
traverse  it  equally  and  indifferently  in  every  part. 

3.  This  excessive  travel  on  the  middle  soon  wears  it 
into  ruts  and  holes,  so  that  more  water  will  aclually  st&ivl 
upon  such  an  originally  convex  road  than  on  one  reason- 
ably flat. 

4.  When  carriages  are  forced  to  travel  on  the  sides 
they  cause  great  additional  wear  to  the  road,  from  iheir 
constant  tendency  to  slide  down  the  sides,  owing  to  the 
oblique  angle  at  which  the  direction  of  gravity  meets  tJie 
surface. 

5.  As  this  sliding  tendency  is  at  right-angles  to  the  line 
of  draught,  the  labor  of  the  horses  and  the  wear  of  the 
wheels  are  both  greatly  increased. 

6.  Whenever  vehicles  are  obliged  to  cross  the  road, 
and  mount  the  central  ridge,  they  must  overcome  the 
same  resistance  of  gravity,  as  when  they  are  drawn  up  a 
longitudinal  hill. 

The  best  transverse  profile  for  a  road  on  level  ground, 
is  that  formed  by  two  inclined    planes,   meeting  in  the 

Fig.  5. 

centre  of  the  road,  and  having  their  angle  slightly  rounded 
by  a  connecting  curve.  The  inclinations  thus  formed  will 
be  uniform,  and  the  road  will  thus  escape  most  of  the 
evils  incident  to  the  curved  profile. 

The  degree  of  inclination  of  these  planes  will  depend 
on  the  surface  of  the  road  ;  being  greatest  where  the  real 
is  rough,  and  lessening  with  its  improvement  in  smooth- 
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ncss.  It  may  also  be  somewhat  less  on  a  narrow  road 
as  the  water  will  have  a  less  distance  to  pass  over.  Us 
maximum  is  limited  by  the  inconvenience  which  an  ex- 
cessive transverse  slope  would  cause  to  carriages.  A 
|iroper  medium  for  a  road  with  a  broken-stone  surface,  is 
I  in  24,  or  half  an  inch  to  a  foot.  Telford,  in  his  Holy- 
head road,  adopted  1  in  30,  or  6  inches  crown  in  a  road 
of  30  feet ;  and  McAdam  1  in  36,  and  even  1  in  60,  or  3 
inches  irt  a  30  feet  road.  On  a  rough  road  the  inclination 
.  nnav  be  increased  to  1  in  20;  and  diminished  on  a  road 
paved  with  square  blocks  to  1  in  40,  or  1  in  50. 

Up  to  these  limits  the  transverse  slope  should  increase 
with  the  longitudinal  slope  of  the  road,  which  it  should 
always  exceed,  in  order  to  prevent  the  water  running 
too  far  down  the  length  of  the  road,  and  gullying  it  out ; 
for  the  water  of  rains  runs  off  from  the  middle  of  a  road 
m  the  diagonal  of  a  rectangle,  the  sides  of  which  are  pro- 
portioned to  the  steepness  of  the  two  slopes,  longitudinal 
and  transverse. 

If  these  slopes  be  equal,  the  rectangle  becomes  a  scjuaro 
and  the  direction  of  the  escaping  waters  makes  an  an^le  of 
450  with  the   direction  of  the   road.  Pij,  ^j 

If  the  transverse  slope  be  double  the „ .  _     

longitudinal,  the  waters  in  their  di-  i  /• 

agonal  course  make  an  angle  of  63 .V^ [/    j 

wirh  the  road,  as  in  the  figure.     If  {\    i 

the  road  be  level  longitudinally,  they  l#\i 

run  off  at  right  angles. 

On  a  steep  side-hill,  the  transverse  profile  shouki  be  a 
eingle  slope,  inclining  inwards  from  the  outer  edges  of  the 
road  to  the  face  of  the  hill.  The  ditch  should  be  on  the 
eide  of  the  hill,  and  its  waters  be  carried  at  proper  inter- 
Tak  uraler  the  road  to  its  outside     This  form  is  particu- 
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iarly  .idvaiUaLicous  when  the  road  curves  r.ipidly  around 
f.hc  lidl,  since  it.  counteracts  the  dani>erous  centrifugal 
force  of  the  vehicles.  It  may,  therefore,  be  also  adopted 
on  the  curves  ot  a  road  in  enibankment. 

Through   riilages,  where   space   iriusl   be  economized, 
Tud  the  side  ditches  dispensed  with,  the  middle  portion 


Fig.  8. 


■"^^^n 


of  the  road  is  made  to  descend  each  way  from  the  centre 
as  usual,  but  the  sides  slope  upwards  towards  the  houses. 
Two  furrows,  or  shallow  water-channels,  are  thus  formed, 
which  sliould  be  paved  to  a  width  of  two  feet  on  eacli 
side  of  their  middle.  This  form  may  also  be  used  on  a 
hill-side. 

A  frequent,  but  very  bad  shape,  is  hollow^  in  its  middle, 
in  which  the  waters  run.  Its  faults  are,  that  carriages 
slide  down  towards  each 
other,  especially  in  frosty  ,; 
weather,  and  that  the 
large  stream  iiL  the  mid- 
dle washes  away  the  road.  It  should  never  be  used  ex- 
cept when  the  width  is  greatly  contracted,  and  wheji  it  is 
absolutely  impossible  to  oblam  room  for  ditches. 


FiiT.  9. 
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FOOTPATHS,  &C. 

On  each  side  of  the  carriage-way  should  be  flat  mounds, 
raised  six  inches  above  the  road.  Sods,  eight  inches  wide 
and  six  inches  thick,  should  be  laid  against  these  mounds  in 
such  a  manner  as  to  form  a  sloping  edge.  The  water  which 
falls  on  the  surface  of  the  road  runs  along  the  bottoms  of 
these  sods,  in  the  "  side  channels"  formed  by  them,  till  it 
passes  off  under  the  mounds  into  the  ditciies.  These 
mounds,  in  a  great  road  of  thirty  feet  width,  should  be  six 
feet  wide,  and  their  surfaces  should  be  inclined  1  inch  in 
a  yard.  One  of  them  should  be  covered  with  gravel  for 
a  footpath,  and  the  other  be  sown  with  grass-seed.  Their 
general  adoption  would  greatly  increase  the  safely  of  night- 
travelling,  tiie  accidents  in  wliich  often  occur  from  running 
on  high  banks  or  into  ditches.  They  are  not  high  enough 
to  overturn  a  coach  when  one  wheel  runs  upon  them,  but 
they  indicate  at  once  that  the  carriage  is  leaving  the  road. 

Outside  of  the  footpaths  should  be  fences^  (or  hedges, 
where  the  climate  will  permit)  and  outside  of  the  fences 
should  be  the  ditches.  These  mounds,  ditches,  &c.,  are 
shown  in  Fig.  3. 

DITCHES. 

The  drainage  of  a  road  by  suitable  ditches  is  one  ol  the 
most  important  elements  in  its  condition.  All  attempts  at 
improvement  are  useless  till  the  water  is  thoroughly  got 
rid  of,  and  a  bad  road  may  often  be  transformed  into  a 
good  one,  by  merely  forming  beside  it  deep  ditches,  suffi- 
ciently inclined  to  carry  off  immediately  all  the  water 
which  falls  upon  it.  Kven  if  the  water  does  not  stand  on 
the  surface  so  as  to  form  mud,  if  it  filtrates  from  the 
higher  land  beside  it,  and  from  springs  under  it,  and  is  not 
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well  drained  off,  it  will  weaken  the  substraiiim  of  ihc  road 
so  as  lo  render  it  incapable  of  bearnig  heavy  loads,  and 
will  be  al»sorl)ed  into  the  n|)j)er  stratum  by  capillary  attrac- 
tion. U  the  road  have  a  covering  of  broken  stones,  the 
WMler  penelralin^  inlo  il  makes  them  wear  away  very  rap 
idly  by  assisting;  \\\c  vibrating  motion  of  their  fragments, 
as  laj)idanes  grind  down  the  hardest  stones  by  their  own 
(hist,  with  the  aid  of  water. 

'i'lie  chlrhcs  siiould  lead  to  the  natural  water-courses  of  / 
the  coiintry  ;  and  should,  if  [jossible,  have  a  minimum  slope 
of  one  in  a  hinidred  and  twenty-five,  corresponding  with 
the  "  niininiuin  sl()])e"  of  the  road,  though  less  will  suffice 
if  the  bottom  be  truly  cut  and  kept  free  from  grass.  They 
should  gcnorallv  be  sunk  lo  a  depth  of  three  feet  below 
ihe  surface  of  the  road.  Their  size  will  be  regulated  by 
their  situation,  being  greater  where  they  intercept  the  wa- 
ter from  side-hills  rising  above  the  road,  and  also  where 
the  country  is  humid.  A  width  of  one  foot  at  bottom, 
with  side-slopes  depending  on  the  nature  of  the  soil,  will 
generally  sulhce.  In  vvet  soils  the  ditches  should  be  so 
wide  and  deep,  that  the  earth  taken  from  them  may  be 
sulHcient  to  raise  the  bed  of  the  road  between  them  three 
fcet  hi  "her  than  the  natural  surface. 

There  should  be  a  ditch  on  each  side  of  the  road  on 
level  ground,  or  in  cuttings,  and  on  the  upper  side  of  the 
road,  where  it  is  on  a  hill-side.  The  w^ater  from  the  side 
nhannels  must  be  carried  into  these,  and  the  contents  of 
the  ditches  must  pass  under  the  road  to  the  natural  water- 
courses by  means  of  drains,  culverts,  (fee,  as  will  be  ex- 
plained in  Chapter  III.  under  the  head  of  "  Mechanical 
Structures." 
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SIDE-SLOPES  OF  THE  CUTTINGS  AND  PILLINGS, 

These  are  designated  by  the  ratio  of  the  base  to  the 
perpendiculai'  of  the  right-angled  triangle,  of  which  the 

Fig.  10. 


slope  is  the  hypothenuse,  the  base  being  always  named 
first,  and  the  perpendicular  being  the  unit  of  measure. 
Thus,  if  a  cutting  of  ten  feet  in  depth  goes  out  twenty 
feet,  as  in  the  figure,  its  slope  is  said  to  be  2  to  1;  if  it 
goes  out  but  five  feet,  it  is  said  to  be  ^  to  1. 

Tke  Slopes  of  Cuttings  or  Excavations  vary  with  the 
nature  of  the  soil,  being  made  for  economy  as  sleep  at? 
its  tenacity  will  permit.  Solid  rock  may  be  cut  vertically, 
or  at  a  slope  of  J  to  1.  Common  earth  will  stand  at  1  to 
I,  or  at  1 1  to  1 ;  the  latter  is  safer.  Gravel  requires  1\ 
to  1.  Some  clays  will  stand  at  1  to  1  ;  while  some, 
originally  sloped  2  to  1,  have  slipped  till  they  have  as- 
sumed a  slope  of  6  to  1 .  The  proper  degree  of  slope  is 
best  determined  by  observing  that  at  which  the  earth  in 
question  naturally  stands.  Heavy  clayey  earth  will  as- 
sume a  slope  of  f  to  1,  and  very  fine  dry  sand  of  nearly 
3  to  1  ;  these  are  the  extremes  in  ordinary  cases. 

Deep  cuttings  should  not,  however,  be  made  with  less 
slopes  than  2  to  1 ,  (even  though  they  would  stand  steeper) 
80  that  the  sun  and  wind  may  freely  reach  the  road  kj 
kenp  it  dry.     The  south  side  of  excavations  may  be  made 
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even  3  lo  1,  when  llie  extra  earth  can  be  profitably  usGCi 
in  a  nciizhborin"  enihankmer  t. 

Wlicn  the  lower  part  of  a  cutting  is  in  rock,  and  has  a 

j'leei)  j>lope,    and 

Fig.  11. 
tne  \ip})er  portion  ^ 

in     earth     lias    a 

niLicli  llallcr  one, 

a  wide   **  bench," 

or    ollsel,    should 

be    made,    where 

the      change      of 

slope  takes  place. 

The  iollowing  Table  shows  the  angle  with  the  horizon 

naade  by  slopes  of  various  proportions  of  base  lo  height. 


Slopes. 


1 

4 

to 

75°  58' 

I 

to 

63°  28' 

2 

4 

10 

53°     8' 

1 

to 

45° 

u 

to 

38°  40' 

li 

to 

33°  42" 

»f 

to 

29°  44" 

2 

lo 

2(>°   3V 

3 

to 

18°  2r/ 

4 

to 

14°     2" 

5 

to 

11°   19" 

6 

to 

9°  27" 

Fillings  or  Embankments  have  less  variety  than  cuttings 
in  the  nature  and  condition  of  their  materials,  and  there- 
fore have  less  vaiiety  of  slope,  which  is  usually  1|  to  1, 
or  2  to  1  ;  though  some  clays  (which  shoidd,  however, 
never  be  employed,  if  their  use  can  be  avoided)  require 
3  or  4  lo  1,  when  more  than  four  feet  high. 


SIDE-SLOPES.  57 


CURVED     SIDE-SLOPES. 


The  cuslomary  form  of  llie  side-slopes  of  cuttings  and 
fillings — that  of  an  incHned  plane — is  not  the  fornn  of 
most  perfect  equilibrium  and  stability.  To  secure  this, 
the  slope  may  be  steep  near  its  lop,  with  its  upper  angle 
lounded  off,  but  must  widen  out  at  its  bottom,  where  the 
pressure  is  the  greatest.  This  is  the  natural  face  which 
an  excavation  assumes  when  left  to  itself,  as  shown  in 

Fig.  12. 


the  figure.  Its  top,  or  sahent  angle,  becomes  convex . 
and  its  bottom,  or  re-entering  angle,  is  filled  up  into  a 
concavit}^  thus  forming  a  curve  of  contrary  flexure.  If 
side-slopes  were  originally  formed  into  this  shape,  they 
would  be  much  more  permanent,  and  the  elements,  rain, 
gravity,  &c.,  would  then  work  with  man,  and  assist  the 
labors  of  art,  instead  of  destroying  them,  as  when  the 
usual  form  is  employed.  This  curve  of  stability  is  more- 
over that  of  beauty,  coinciding  with  Hogarth's  "  line  of 
grace." 

This  plan  is  not  known  to  have  been  ever  put  into 
practice,  though  the  walls  supporting  a  bank,  particularly 
for  a  quay,  are  sometimes  made  concavt  outwardly  ;  and 
the  dam  of  the  Croton  Aqueduct  has,  for  its  outer  profile, 
somewhat  such  a  curve  as  has  been  above  recommended 
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4.  WHAT  ROADS  OUGHT  TO  BE  AS  TO  THEIR  SUBFACB. 

QCALITFK.S     OKSIFIAHLE. 

The  surface  of  a  road  ought  to  be  as  smooth  and  a? 
fiARDas  possible,  so  as  to  reduce  to  their  smallest  Dossiblr 
dc^uree  the  resistances  oi  chisticity^  collision,  ?Lr\d  friction. 

Snwolhnrss  is  not  only  essential  to  comfort,  but  even 
more  so  to  cconnniv  of  labor,  of  carriage-wear,  and  of  road 
wear.  Caniaacs  ])assinir  over  a  smooth  road  are  not  only 
(^rawn  more  jjlcasaiilly,  and  with  less  exertion  of  animal 
streiiiith.  but  also  do  much  less  damage  to  the  road,  than 
vvhen  it  has  hollows  into  which  the  wheels  fall  with  the 
momentum  of  sledge-hammers,  each  blow  deepenins^  the 
holf^  and  ihus  incroasini;  the  force  of  the  next  blow. 

llardticss  is  that  j)ro])crly  of  a  surface  by  which  it  re- 
sists the  impression  ol  other  bodies  which  impinge  upon 
it.  It  is  essential  to  the  preservation  of  smoothness,  ex- 
cept in  the  case  of  elastic  surfaces. 

a 

RKSISTAXCES     TO     BE     LESSENED. 

Elasticify. — A  road  may  be  perfectly  smooth,  both  be- 
fore and  after  a  vehicle  has  passed  over  it,  but  if  it  sink 
in  the  least  nntler  the  iiassaoe  of  a  wheel,  this  vieldiiif 
presents  before  the  wheel  a  miniatm-e  hill,  up  which  the 
vehicle  must  be  raised  with  all  the  loss  of  power  demon- 
strated on  page  32.  If  the  depression  were  one  inch,  and 
the  wheel  four  feet  in  diameter,  an  inclined  plane  of  1  in 
7  would  be  formed,  and  one-seventh  of  the  entire  weight 
would  need  to  be  lifted  up  this  inch.  A  road  surface  of 
caoutchouc,  or  India-rubber,  of  the  most  perfect  smootli- 
ness,  would  therefore  be  the  worst  possible  for  traction, 
diough  very  pleasant  for  passengers.     The  wheels  would 
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always  l>c  in  depressions,  and  the  liorses  would  be  always 
pulling  up  hill.  An  elastic  bottom  for  a  road,  such  as 
a  boggy  substratum,  would  for  this  reason  cause  great 
waste  of  draught.  A  solid,  unyielding  foundation  is 
therefore  one  of  the  first  requisites  for  a  perfect  road. 

Collision.- -The  resistance  of  collision  is  occasioned 
by  the  hard  protuberances,  inequalities,  stones,  and  other 
loose  materials  of  a  road  against  which  the  wheels  strike, 
with  great  loss  of  momentum  and  waste  of  the  power  of 
draught ;  for  the  carriage  must  be  lifted  over  them  by  the 
leverage  of  the  wheels.  It  is,  therefore,  most  important 
that  such  obstacles  should  be  as  few  and  as  small  as  pos- 
sible, the  resistance  being  proportional  to  their  size,  as 
appears  in  the  investigation  which  follows. 


Fig.  13. 


The  power  required  to  draw  a  wheel  over  a  stone  or  any  olKsta 
cle,  such  as  S  in  the  figure,  may  be  thus  calculated.  Let  P  reprp- 
sent  the  power  sought, 
or  that  which  would 
just  balance  the  weight 
on  the  point  of  the 
stone,  and  the  slightest 

increase  of  which  would P_ [_ f. — ? 

draw  it  -over.  This 
power  acts  in  the  di- 
rection CP  with  the 
leverage  of  BC  or  DE. 
Gravity,  represented  by 
W,  resists  in  the  directicm  CB  with  the  leverage  of  BD.  The 
ei^uation  of  equilibrium  will  be  P  X  CB  =  W  X  BD,  whence 

__       Bp__       v^CD'  — BC' 
^  — ^CB~^     CD— AB* 

Let  the  radius  of  the  wheel  =  CD  =  26  inches,  and  the 
height  of  the  obstacle  =  AB  =  4  inches.  Let  the  weight  W 
=  600  lbs.,  of  wh.^h  200  lbs.  may  be  the  weight  of  the  wheel, 
and  300  lbs.  the  load  on  the  axle.     The  formula  then  becomes 
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v/r,77r—  «H1  13.85 

V  ■--  500  — — —  500  —-—  —  314.3  lbs.       The  pre* 

sure  .ii   the   point   D   is  compounded   of  the  weight  and  lh€ 

r'T)  ^fi 

powrr,  and  equals  W      .-  i=  500  X  ^-  =  591  Ibs.,andtherefoic 

arts  with  this  ^reat  elTect  to  destroy  the  road  in  its  collision 
with  tl»e  stone,  in  addition  to  its  force  in  descending  from  it. 
P'or  iiiinute  accuracy,  the  non-horizontal  direction  of  the 
drau<iitt,  and  the  thickness  of  the  axle,  should  be  taken  iota 
i!m'  account. 

riic  power  required  is  lessened  hy  proper  springs  to  vehi- 
cles, by  enlarged  w  heels,  and  by  making  the  line  of  draught 
asceiuiniij. 

'\\\v.  resistance  j)roduced  by  the  hollows  between  the  stones 
of  a  pavement  is  of'  a  ditTerent  nature.  According  to  the  in- 
vestigations of  M.  (Jerstiier.  the  resistance  arising  from  such 
a  surface  is  directly  proportional  to  the  load,  to  the  square  of 
the  veh)city,  and  to  the  ratio  of  the  width  of  the  cavity  to  the 
radius  of  the  wheel  ;  and  inversely  proportional  to  the  width 
of  the  paving  stones. 

Friction. — The  rcsijstancc  of  friction  arises  from  the 
rubbiim  of  the  wheels  ai^aiiisl  the  surfaces  with  whicli 
they  come  in  contact,  and  will  always  exist,  however  the 
Furface  may  l>c  improved.  Its  two  extremes  may  be 
seen  on  a  road  of  loose  gravel,  and  on  a  railroad.  It  is 
greatly  increased  when  the  surface  is  covered  with  mud, 
or  other  loose  material,  into  which  tiie  wheel  may  sink, 
and  thus  give  a  wider  contact.  Tho  degree  in  which 
it  is  influenced  by  the  surface,  may  be  show^n  by  rolling 
an  ivory  ball  successively  over  a  carpet,  a  fine  clolii,  a 
smooth  floor,  and  a  sheet  of  ice  ;  the  distances  to  which 
the  same  force  will  impel  it  over  these  surfaces  increasing 
m  the  order  in  which  they  have  been  named. 

The  surface  of  a  road  may  be  improved  by  the  various 
methods  of  diminishing  the  frictior    to  be  examined  ir 
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Chapter  IV  ,  such  as  "  Macadamizing"  the  road,  or  cov- 
ering it  with  a  layer  of  finely  broken  stones  ;  paving  with 
smooth  stone  blocks ;  covering  wilh  planks ;  or  laying 
wheel-tracks  of  stone,  wood,  or  iron. 

The  friction  on  all  these  surfaces  is  different,  and  can 
be  determined  only  by  experiment.  The  instrument  used 
for  measuring  it  is  called  a  Dynamometer,  It  resembles 
in  principle  and  general  construction  the  "  spring-balan 
ces"  in  common  use,  in  which  the  application  of  a  weight 
compresses  a  spiral  spring,  the  shortening  of  which,  as 
shown  by  a  properly  graduated  scale,  indicates  the 
amount  of  weight  applied.  In  the  dynamometer  the 
power  takes  the  place  of  the  w^eight  of  the  spring-balan 
ces,  one  end  of  the  instrument  being  connected  with  the 
carriage,  and  the  other  with  the  horses,  and  the  force 
which  they  exert  to  overcome  the  friction  being  shown  by 
the  index. 

Sir  John  Macneill  has  greatly  improved  the  instrument,  by- 
adapting  to  it  a  piston  working  in  a  cylinder  full  of  oil,  which 
lessens  the  vibrations  of  the  index,  and  enables  its  indications 
to  be  read  with  more  ease  and  precision.  He  has  also  added 
to  it  a  contrivance  for  making  the  instrument  itself  record  the 
degree  of  force  exerted  at  each  moment  of  motion.  It  likewise 
registers  the  distance  passed  over,  and  the  rises  and  falls  of 
the  road.* 

This  valuable  instrument  affords  a  means  of  ascertaining 
the  e^act  power  required  to  draw  a  carriage  over  any  line  of 
road  ;  it  will  thus  enable  one  line  of  road  to  be  compared  with 
another,  and  their  precise  amount  of  difference  in  case  of 
draught,  to  be  determined ;  it  will  show  the  comparative  value 
of  the  different  methods  of  improving  the  surface  ;  and  it  will 
enable  a  registry  to  be  kept  from  year  to  year  of  the  state  of  a 
road,  showing  where  and  how  much  it  has  improved  or  do^ 

*  For  a  fall  description  of  ths  instrument,  see  Parnell,  pp.  327-iM7. 
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tenoryled.  and  therefore  how  judiciously,  or  the  contrary,  the 
luiids  expended  on  it  have  been  applied. 

The  followinfr  are  the  results  of  experiments  made  with  this 
inslrunienl  on  various  kinds  of  road.  The  wagon  employed 
weiglied  21  ewt.,  and  tlie  resistance  to  draught  w'as  as  fol- 
lows :  — 

*  On  a  ^Mavel  road,  laid  on  earlh — per  21  cwt     1471bs.=   j\ 

*  On  a  br()ken-st(»n<?  r(»ad,     "  " 

*  "  on  a  |iav(Ml  ft.undalion,  " 

*  On  a  vvell-nKide  pavement,  " 
t  On  the  best  stone  traek-uays,  per  gross  ton, 
ij;  On  the  best  form  of  railroad,                 " 

From  tlic  above  cx|)erinienls  we  iiiler,  in  round  num- 
!  ers,  taking  ihc  niaxiniiun  load  on  a  gravel  road  for  the 
standard,  llial  a  hor.se  can  draw — 

On  llie  best  broken-stone  road,     3     limes  as  much, 
t)n  a  well-made  pavement,  4^  times  as  much, 

On  ihe  best  stone  track-ways,     1 1     times  as  much, 
On  the  best  railways,  18    times  as  much. 

Poncelet^  gives  the  following   relations  of   the    friction   to 

the   pressure,  for   wheels   with   iron   tires  rolling  on  different 

surfaces  : — 

On  a  road  of  sand  and  gravel,  Jg- 

.X        ,      ,  .  1    ^  in  ordinary  condition,    -^V 

On  a  broken-stone  road,  <  .  ,.      -        ...  V 

(  in  perfect  condition,       ^Sj 

r\  «  •  ,       ,         S  at  a  walk,  -e*, 

On  a  pavement  in  good  order,   <  ...  i 

f  at  a  I roi ,  ^  ,^ 

On  oak  planks  not  dressed,  55 

I'he  most  complete  series  of  experiments  upon  the  friction 

of  vehicles  have  been  recently  made  by  M.  Morin.\    Some  ol 

the  most  important  results  are  given  below,  in  a  tabular  form. 

The  fractions  express  the  relation  of  the  force  of  draught  to 

the  total  load,  vehicles  included. 


«  Parnell.  pp.  43,  73.  t  Ibid.  p.  107. 

t  Lecount,  p.  219.  ^   Mdcanique  Industrielle,  p  507. 

II   Aid«-M^iiioire  do  Mecautjue   o.  337. 
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CHARACTER  OF 
THE    ROAD. 


New  road,  covered 
with  gravel  five 
inches  thick, 


Solid  causeway  of 
earth,  covered  with 
gravel  1 J  in.  thick, 


Causeway  of  earth 
in  very  good  con- 
dition, » 


0«iken  platform, 


Broken-sixme  road. 

Very  dry  and  smooth. 
Moist  or  dusty, 
With  ruts  and  mud. 
Deep  ruts  and  ttiick 
mud, 


CHARACTER  OF  THE  VEHICLE. 


Pavement,   \     ^\-,         v 
( muddy,      ^V 


Tnieka 

Cam. 

(of  8, 
loui.} 

tV 

i 

iV 

T>r 

tV 

^^ 

1 

1 

To 

46 

1 

1 

1h 

54 

_l_ 

JL 

53 

38 

tV 

1 
1  4 

i^ 

ij 

1 

1 

6  9 

5  0 

Dtli/rence* 


! 


/  Ti?  .        %     »"h  Mau  huiiff 


Carriii^j 


J 


i\ 


1 
8 


1 


1 
16 
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1 
4  5 

1 
34 

From  the  above  table  it  is  apparent  how  imporlanl  is 
the  condition  in  which  the  best-made  road  is  kept,  and 
how  greatly  the  labor  of  draught  is  increased  by  mud  or 
dust  on  its  surface.  The  character  of  the  vehicle  is  also 
seen  to  have  great  influence  on  the  degree  of  friction. 

The  principal  general  results,  deduced  by  M.  Morin 
from  the  elaborate  experiments  above  leferrcd  to,  ar^ 
given  on  the  following  page. 
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DEDUCTIONS    FROM    MORIN's    EXPERIMEXTS. 


1.  The  resistance,  or  "  Traction,"  is  directly  proper 
lional  to  the  load,  and  inversely  proportional  to  the  diam* 
eler  of  the  ic/icrl. 

2.  Upon  a  jxivcti,  or  a  hard  Macadamized  road,  the  re 
sislance  is  intle])cnclent  of  the  width  of  the  tire  when  it 
exceeds  from  3  to  4  inches.     On  compressible  roads,  the 
resistance  diiriinishes   wlien   the   breadth   of  the   lire  in- 
creases. 

3.  At  a  walking  pace,  the  traction  is  the  same,  under 
the  same  circumstances,  for  carriages  with  springs,  or 
\\ilhout  them. 

4.  Upon  luird  Macadamized  and  upon  paved  roads,  the 
traction  increases  with  the  velocity;  the  increments  of 
traction  being  directly  proportional  to  the  increments  of 
the  velocity,  above  a  s])eed  of  about  2]-  miles  per  hour; 
but  it  is  less  as  the  road  is  more  smooth,  and  the  carriage 
less  rigid,  or  better  hung. 

5.  Upon  soft  roads  of  earth,  or  sand,  or  turf,  or  roads 
freshly  and  thickly  gravelled,  the  traction  is  independent 
of  the  velocity. 

6.  Upon  a  well-made  and  compact  pavement  of  hewn 
stones,  the  traction  at  a  walking  pace  is  not  more  than 
three-fourths  of  that  upon  the  best  Macadamized  road 
under  similar  circumstances  :  at  a  trotting  pace  it  is  equal 
to  it. 

7.  The  destruction  of  the  7'oad  is  in  all  cases  greater  as 
the  diameters  of  the  wlieels  are  less  and  it  is  greater  in 
carriages  without  than  with  springs. 
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A  minimum  of  expense  is,  of  course,  highly  tlesirable ; 
but  the  road  which  is  truly  cheapest  is  not  the  one  which 
has  cost  the  least  money,  but  the  one  which  makes  the 
most  profitable  returns  in  proportion  to  the  amount  which 
has  been  expended  upon  it. 

To  lessen  the  cost  of  the  construction  of  a  road,  while 
striving  to  attain  the  attributes  which  we  have  found  to  be 
desirable,  we  should  endeavor  to  avoid  the  necessity  ot 
making  high  embankments,  or  deep  excavations,  or  any 
rock-cuttings;  the  cuttings  through  the  hills  should  just  suf- 
fice to  fill  up  the  valleys  crossed  ;  the  line  of  the  road  should 
be  carried  over  firm  ground  and  such  as  will  form  a  good 
surface  if  no  artificial  covering  be  used  ;  or  if  it  is  to  be 
Macadamized,  it  should  pass  near  some  locality  of  good 
stone  ;  and  it  should  be  so  located  as  to  require  but  few 
and  small  mechanical  structures,  such  as  bridges,  culverts, 
retaining  walls,  &c. 

COMPARISON    OF    COST    AND    REVENUE. 

The  more  nearly,  however,  the  road  is  made  to  ap 
proximate  towards  "  what  it  ought  to  be,"  the  more  diffi- 
cult will  it  be  to  satisfy  the  demands  of  economy.  Some 
medium  between  these  extremes  must  tlierefore  be  adopt- 
ed, and  the  choice  of  it  must  be  determined  by  the  amount 
and  character  of  the  traflic  on  the  road  which  it  is  pro- 
posed to  make  or  to  improve.  For  this  purpose  an  accu- 
rate estimate  is  to  be  made  of  the  cost  of  the  proposed 
improvement,  and  also  of  the  annual  saving  of  labor  in 
the  carriage  of  goods  and  passengers  which  its  adoption 
will  produce.    If  the  latter  exceed  the  interest  of  the  fcr- 
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i]UT,  (al  wlialever  per  ccnlage  money  for  the  investmeni 
ran  he  obtained)  llien  llie  proposed  road  will  be  "n?Aai 
?7  ouL^lU  to  he  as  to  its  costT  From  lliese  considerations 
11  will  aj)pear  Uial  il  may  be  truly  cheaper  to  expend  ten 
thousand  dollars  per  mile  upon  a  road  which  is  an  impor- 
lanl  thoroughfare,  than  one  thousand  upon  another  road  in 
a  ditTcrent  locality. 

''  llow  to  estimate  the  cost  ot  a  road"  will  be  considered 
at  the  end  of  Cha])ler  II.,  which  treats  of  its  **  Location." 
I'ndcr  the  ])resciil  head,  we  will  examine  how  we  may 
estimate  thc^  jirobahle  profits  of  a  road,  and  from  tlic  com- 
|)arison  of  the  two  estimates  determine  how  much  the 
projectors  of  an  improved  road  would  be  justified  in  ex- 
pending u])on  it. 

AMOUNT    OF    TRAFFIC. 

Let  us  sup{)osc  that  it  is  proposed  to  improve  a  road  m 
anv  V  ay,  whether  by  Macadamizing  its  surface,  by  short- 
ening it,  or  by  carrying  it  around  a  hill  which  it  now  goes 
over.  The  first  })oint  to  be  ascertained  is  the  quantity 
and  mature  of  the  traffic  which  already  passes  over  the 
['inc.  This  may  be  most  accurately  found  by  stationing 
men  to  count  and  note  down  all  that  passes  in  a  given 
time  of  average  activity  ;  and  from  a  sufficient  number  of 
such  returns,  well  classified,  deducing  the  annual  amount. 

COST    OF    ITS     TRANSPORTATION. 

The  cost  of  conveying  this  amount  of  traffic  is  next  to 
be  calculated.  To  simplify  the  question,  we  will  neglect 
the  gain  in  speed,  and  consider  only  the  saving  in  lieavv 
transportation.  Assume  that  over  the  road,  tiiirty  miles 
in  length,  50,000  tons  of  freight  are  annually  carried,  and 
that  the  average  friction  of  "ts  surface  (as  determined  b> 
a  dynamometer)  is  ^V  of  the  weight.     The  annual  force  of 
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draiighi  required  is  therefore  2500  tons,  or  5,000,000  lbs- 
If  the  average  power  of  draught  of  a  horse  at  3  mites  an 
hour  for  10  hours  a  day  be  taken  at  100  lbs.,*  there  would 

be  required    *      /r — =50,000  horses  working  at  3  miles 

per  hour.  At  this  rate  they  would  traverse  the  road  in 
1 0  hours,  or  a  working  day,  and  the  total  amount  of  labor 
would  equal  50,000  days'  work  of  a  horse,  or  $37,500, 
taking  75  cents  for  the  value  of  one  day's  work. 

PROI'IT   OF    IMPR0VIx\G    THE    SURFACE. 

Suppose  now  that  the  road  is  to  be  macadamized,  or 
planked,  or  in  any  way  to  have  the  friction  of  its  surface 
reduced  to  -g\.     The  total  force  of  draught  will  then  be 

50,000  X  2000  ^  2,000,000  lbs.  =  20,000  horse  power,  at 
50 

3  miles  per  hour,  for  30  miles,  or  10  hours  =  20,000  days' 
work  of  a  horse.  This  is  a  saving  from  the  former  amount 
of  30,000.  Taking  the  value  of  the  day's  work  of  a  horso 
at  75  cents,  $22,500  would  be  the  actual  saving  of  labor 
m  each  year,  by  the  improvement  proposed,  which  amount 
the  carriers  could  afford  to  pay,  (either  in  tolls,  or  in  ma- 

*  The  power  of  a  horse  at  different  velocities  is  very  variable,  and,  in 
spite  of  many  experiments,  is  not  yet  ascertained  with  the  precision  de- 
nirable.  The  usnal  conventional  assumption  is  150  lbs.  moved  30  miles  a 
day  at  the  rate  of  2^  miles  per  honr.  This  is  equivalent  to  Watts'  liorso- 
power  of  33,000  Ibe.  raised  1  foot  in  1  minute.  Tredgold's  experinieutt'  ' 
give  125  Ibe.  moved  20  miles  a  day  at  2^  miles  per  hour.  Snieaton  givon 
100  lbs.  moved  at  same  rate  ;  and  Hachettc  128  Ibe.  Numerous  care^ii 
experiments  on  an  English  rail^'ay  (detailed  in  "  Laws  of  Excavation 
and  Embankment  on  Railways,"  page  105)  give  110  Ibe.  moved  ID.2 
miles  per  day  at  the  rate  of  24  miles  per  hour.  Gayfficr  (page  178)  fixes 
the  power  for  a  strong  draught-horse  at  143  lbs.  for  22  miles  per  day  at 
2|  miles  per  hoar ;  and  for  an  ordinary  horse,  at  121  lbs.  for  25  miles  pei 
day  at  2)  miles  per  hoar.  As  the  speed  o(  a  horse  increases,  his  power  o** 
dliwulil  dhninirlies  very  rapidly,  till  at  last  ht  can  only  move  his  own  weififlit 
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king  ine  iiiiprovcinent  themselves)  for  their  diminislied 
e.\}.c(idiiurc  on  horses.  If  money  were  borrowed  at  6  per 
cem.,  $.^5,000  would  be  the  amount  which  could  be 
(•\j)eiRied  in  making  tiie  improvement,  supposing  the  data 
lo  have  b(^cn  correctly  assumed.  If  the  improvement  can 
1)0  made  for  any  amount  less  than  this,  the  difference  will 
be  so  much  clear  gain. 

PiiOin-    OF     LESSENING     THE     LENGTH. 

iNext,  su|)})ose  lliat  the  improvement  is  only  shortening 
tlte  road  a  niilc,  by  a  new  location  of  part  of  it.  One- 
lliirlieili  of  ilie  original  distance,  and  therefore   labor,  is 

saved,  or  —        -=  1()67  days   work  of  a  horse  =$1,250 

=  interest  of  820,833.  Add  to  this  the  amount  which  the 
construction  of  this  extra  mile  would  have  cost,  and  if  the 
proposed  improvement  can  be  made  for  the  sum  of  the 
two,  or  even  a  little  more,  it  should  be  at  once  carried  int) 
ellect ;  for,  besides  the  saving  in  the  original  cost  and  in 
the  annual  labor,  there  is  also  that  of  time,  and  of  the  for 
mer  cost  of  repairs  of  the  extra  mile,  which  is  now  dis 
pensed  with. 

PROFIT    OF    AVOIDING    A    HILL. 

If  the  improvement  be  avoiding  a  hill,  the  resistance 
of  gravity  is  to  be  compared  with  that  of  friction.  Sup- 
pose that  a  certain  road  ascends  a  hill  which  is  a  mile 
long,  and  has  an  inclination  of  1  in  10,  and  descends  the 
other  side  which  has  the  same  slope,  and  that  a  level  route 
can  be  obtained  by  making  the  road  a  mile  longer.  It  is 
demanded  how  much  may  be  expended  for  this  purpose. 
Suppose  that  the  friction  on  this  road  is  ^V*  ^"^  that 
50,000  tons,  as  before,  pass  over  it  annually.  On  the 
origmal  road  of  two  miles.  th(^  fnrre  of  draught  required 
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...       .    50,000  X  2000      ^^  ,^^^    , 
to  overcome  fnction  is  — r^ — — — —  =  25,000    horse 

•^  40  X  100 

25  000  X  2 

power,  al  3  miles  per  hour,  or  — '- — =  16,667  hour:? 

o 

for  ihe  2  miles  =  1667  days'  work  of  a  horse.     To  over- 
come ihe  gravity  of  the  loads  on  the  inclination  of  1  in  10 

50,000x2000       ,^^^^^^^,.       r      , 
requires  — ^ — — =  10,000,000  lbs.  for  1   mile  = 

333,333  lbs.  for  30  miles  =  3333  days'  work  of  a  horse. 

The  descent  of  a  mile  on  the  other  side  of  the  hill  is  not 

a  compensation,  for  a  horse  will  have  no  more  to  take 

down  the  descent  than  he  had  dragged  up  the  ascent. 

The  total  annual  labor  to   overcome  both  friction  and 

gravity  on  these  two  miles  is  therefore  1667  +  3333=5000 

days'  work  of  a  horse. 

Upon  the  new  road  proposed,  there  is  no  inclination  to 

overcome,  but  an  extra  mile  of  length.     The  force  of 

I                J         r-    •      .  50,000x2000     „^^^^^^ 
draught  upon  it  due  to  friction  is  —- =  2,500,000 

lbs.  for  3  miles  =^250,000  lbs.  for  30  miles  =  2500  days' 
work  of  a  horse.  The  saving  of  labor  is  therefore 
.5000  —  2500  =  2500  days'  work  of  a  horse  ==  $1875  =  in- 
terest of  $31,250,  which  amount  (deducting  cost  of  repairs 
of  the  extra  mile)  may  be  expended  in  making  the  new  road. 
These  calculations  have  been  made  for  extreme  cases, 
in  order  to  make  the  principle  more  striking,  but  the  ad- 
vantages deduced  from  them  have  fallen  short  of  the  truth, 
since  only  the  original  amount  of  traffic  has  been  consid- 
ered, while  all  experience  shows  that  this  is  very  greatly 
increased  by  any  improvement  in  the  means  of  transport 
particularly  by  the  increased  speed,  which  is  an  inciden- 
tal advantage  which  we  have  not  taken  into  account. 
This  increase  of  traffic  cannot,  however,  be  determined 
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in  ad'.anre,  l)y  madicrnalical  calculation,  though  W3  can 
readily  sec  from  how  wide  a  belt  of  country  the  inhabit- 
aiiis  iiiiglii  prohl.ably  avail  themselves  of  the  improved 
road,  and  will  do  so  eventually  ;  but  how  nritiny  of 
I  hem  will  at  once  profit  by  it  depends  on  considerations 
of  lasie,  feeling,  and  prejudices,  which  are  beyond  the 
power  of  Jiiimhers. 

( ONSKQl  LNT  INCREASE  OF  TRAVEL. 

To  asccrlaiii  from  \vhal  distances  to  the  right  or  left  on 
either  margin,  the  im})rovcd  road   might  expect  to  attract 
trave'    lo    iiself  from   other   thoroughfares  by  the  cross 
roads,  the  fo!i(»wing  course  of  reasoning  may  be  employed. 

L<  t  AB  he  a  {)ortion  of  tlie  improved  pj^.^  ^^ 

roatJ,  connecting  the  jjoiiits  A  and  B. 
Let  C  he  a  town  connected  with  the 
o'her  two  points  hy  the  old  unimproved 
roads  (^A  and  CB.  It  is  required  to  de- 
termine whether  the  travel  from  C  to  A 
can  with  the  least  cost  (the  cost  heing 
compounded  of  time  and  lahor)  go  to  A 
bv  the  old  road  CA,  or  take  the  old  cross- 
road  CB  to  the  nearest  point  B  of  the 
improved  road,  and  then  follow  the  latter 
lo  A. 

The  first  point  is  to  ascertain  the  ratio  of  improvement  of 
the  new  road  compared  with  the  old,  or  its  ratio  of  diminution 
of  cost  of  travel.  For  simplicity  of  calculation  let  us  call 
this  ratio  two.  Denote  the  miles  in  AC  hy  m,  in  AB  by  n,  and 
in  BC  by  x.     The  relative  cost  of  travel  over  the  line  AC  vt^ill 

also  be  m,  over  BC  it  will  be  t,  but  over  AB  it  will  be  only  -. 

If.  then,    X  -] —  <  w,  it  vv-ill  cost  less  to  make  the  circuit 
from  C  to  A  thro  igh  B  ;  and  both  routes  will  be  equal  in  cost 

when  x-\-  -^r^  m.     In  this  calculation,  therefore,  the  hypothe- 

unse  equals  the  perpendicular  and  half  the  base  ' 
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The  preceding  melhod  will  decide  llie  question  for  any 
one  place,  but  the  following  plan  may  be  resorted  to  for 
the  purpose  of  marking  out  on  the  map  the  entire  area, 
from  within  which  travel  may  be  expected  to  be  attracted 
to  make  use  of  the  improved  road. 

Let  AB  repre-                                 Fig.  15. 
sent  a  portion  of  J? B 


the        improved       \  / 

roid,   lying    be-         \ 

tween    the    two  \  / 

points  A  and  B,  \    / 

at  which  cross-  /\ 

roads    come   in.  /' 

It  is  required  to 

fix    the      points 

C,  C,  D,  D,   so     / 
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that  lines  drawn    D  "A  D' 

from  C  and  C  to  A,  and  from  D  and  D  to  B,  shall  define  this 
tributary  area.  BO  or  AD  is  to  be  found  in  terms  of  AB, 
i   e.  a?  in  terms  of  n. 

By  the  preceding  investigation, 
J?  +  -  =  m. 
Hut  in  the  right-angled  triangle  ABC* 

Substituting  in  first  equation,  we  get 

whence  is  obtained  the  value, 
a?  =  ^  n. 

Therefore  from  A  and  B  set  off,  at  right  angies  to  AB,  BC, 
and  AD,  each  equal  to  |  AB  ;  join  AC  and  BD  ;  and  the  area 
included  will  be  that  within  which  it  would  cost  less  for  the 
inhabitants  to  use  the  improved  i  )ad,  though  v'th  increased 
distance,  than  to  pursue  the  direct  Jut  unimproved  road.* 

*  ltitc9untt  Treatise  oa  JCiilways,  pi^  13. 
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*'  I  do  not  know  that  I  could  sii^jrest  any  one  problem  to  be  prcpoeedtC 
an  en;^Mtu'er,  uliicli  would  riujuiro  a  greater  exertion  of  scientific  skill  and 
prHCiical  knowltdjrc,  than  laying  out  a  road." — Dr.  Lardner,  in  1836. 

The  lucation,  or  laying  out,  of  a  road,  consists  in  de- 
tcDiiiiiing  nnd  marking  out  on  the  ground  those  points 
lliiougli  which  the  road  should  pass,  in  order  to  satisfy, 
as  nearly  as  possible,  the  requirements  of  "  what  a  road 
()iii>lit  to  be." 

These  requirements,  so  far  as  they  affect  the  location 
ol  a  road,  are,  in  recapitulation,  as  follows  : 

As  to  direction — that  I  he  road   should  be  as  straight  as 
possible,  but  that  straightness  should  be  considered  sub 
ordinate  to  easiness  of  grade. 

As  to  slopes — that  the  road  should  be  as  level  as  possi 
blc  ;   that  it  should   avoid  unnecessary  undulations  ;   and 
that  its  slopes  should  not  exceed  1  in  30,  nor  fall  below 
1  in  125. 

As  to  cost — that  the  amount  of  excavation,  embank 
ment,   mechanical   structures,  &c.,  should   be    the   least 
which  will  make  the  road  **  what  it  ought  to  be,"  in  refer 
ence  to  the  quantity  of  traffic  upon  it. 

If  the  country  through  which  the  road  is  to  pass  should 
be  a  plain  of  uniform  surface,  a  straight  line  joining  the 
two  termini,  and  running  along  the  surface  of  the  ground 
would  satisfy  all  these  conditions  at  once.     In  most  cases 
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however,  the  ground  is  so  uneven,  hiFy,  and  undulating, 
as  to  present  very  great  difficulties  in  the  way  of  a  propei 
location.  The  shortest  line  would  pass  over  the  tops  of 
hills  and  the  bottoms  of  valleys,  and  would  thus  be  often 
so  sleep  as  to  be  inripassable.  The  most  level  line  would 
often  increase  the  distance  loo  much  by  its  necessary 
windings  ;  as  would  also  the  cheapest  line,  which  seeks  to 
avoid  all  cuttings  and  fillings.  It  is  generally  impossible 
to  unite  all  these  requirements,  and  to  secure  ail  the  good 
qualities  and  valuable  attributes  of  the  ideally  perfect 
road ;  and  the  best  line  will  therefore  be  a  compromise 
between  them  all.  Great  skill  is  consequently  required 
to  select  the  best  possible  line  among  these  conflicting 
Claims,  and  this  skill  is  more  often  needed  in  our  new  and 
rapidly  expanding  country  than  in  England  and  other 
iong-sellled  regions,  where  the  lines  of  all  important  roads 
have  been  long  since  established ;  though  even  there 
many  miles  of  old  roads  are  yearly  abandoned,  and  new 
lines  substituted  for  them,  in  order  to  make  a  slight  saving 
of  distance,  or  to  diminish  the  height  to  be  overcome. 

Two  distant  points  of  departure  and  arrival  bein^ 
given,  it  is  required  to  determine  the  best  linefcr  a  road 
connecting  them. 

In  many  cases  the  best  general  route  for  the  desired 
road  can  be  determined  with  perfect  certainty  without 
going  upon  the  ground,  by  simply  examining  a  map  of 
the  district  upon  which  merely  the  courses  of  the  streams 
are  laid  down.  From  them  an  instructed  and  skilful  eye 
can  deduce  all  the  elevations  and  depressions  of  the  coun- 
try with  great  precision  and  accuracy.  To  do  this,  how- 
ever, reauires  a  knowledge  of  so  much  of  Physical  Geog 
raphv  as  explains  the  manner  in  which  nature  has  di8 
pOfr^M*  the  inequalities  of  the  surface  of  he  earth. 
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1.  ARRANaEMENT  OF  HILLS,  VALLEYS^  AND  WATER-OOUBtSEa 

Hills  and  valleys  al  first  glance  appear  to  the  ignorant, 
and  even  to  the  better  informed,  to  be  utterly  withoul 
syj^^em,  order,  or  arrangement ;  but  they  have  in  realitj 
been  disposed  by  nature  with  a  great  degree  of  symmetry, 
and  llii'ir  forms  and  positions  are  found  to  be  the  result 
of  the  uniform  action  of  natural  laws,  and  to  be  capable 
of  being  traced  out  and  understood  with  comparative 
ease. 

Hills  being  the  great  antagonists  and  natural  enemies 
of  the  road-maker,  he  must  endeavor  to  find  out  their  weak 
points,  and  to  learn  where  he  can  best  attack  and  pene- 
trate them,  and  most  easily  overcome  their  opposition  \o 
his  improvements.  Water-couises  being  his  guides  and 
chief  assistants,  he  must  study  their  habits  and  principles 
of  action,  and  learn  what  are  the  causes  which  produce 
their  seeming  vagaries  of  direction. 

Hills  are  most  usually  found  constituting  chains^  or 
ridges,  though  sometimes  collected  in  groups,  and  al 
others  detached,  or  isolated..  The  chains  are  usually 
made  up  of  several  parallel  ranges,  and  often  send  forth 
branches  or  spurs  in  transverse  directions.  Sometimes 
they  are  merely  the  slopes  of  a  tahle-land  in  which  their 
summits  merge.  To  form  a  proper  conception  of  a  range 
of  hills,  imagine  in  the  midst  of  a  plain  an  elongated  mass 
of  the  form  of  the  roof  of  a  house.  The  two  faces  of 
this  represent  the  slopes  of  the  range  ;  their  intersection 
IS  the  ridge,  their  bases  are  ihe  feet,  the  distance  from  one 
foot  to  the  other  is  the  breadth,  and  from  one  extremity  Ic 
the  other  the  length;  the  vertical  elevation  of  the  ridge 
obove  either  foot  is  its  relative  height,  and  above  the  sea 
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its  absolute  height.  All  water  which  falls  upon  the  sloj^es 
descends  thence  in  a  aii  ell-defined  track  which  corresponds 
with  the  line  of  greatest  slope,  the  direction  of  which  it  is 
tlierefore  important  to  determine. 


LINE    OF    GREATEST    SLOPE. 

Fig.  16. 
If  the  ridge  AB  of  a 
iange  of  hills  be  horizontal, 
and  its  opposite  slopes  in- 
clined planes  cutting  each 
other  in  that  horizontal  line, 
a  spherical  body,  allowed  to  roll  down  freely  from  any  point 
C  of  the  ridge,  will  descend  in  the  line  CD  at  right  angles  to 
the  horizontal  line  AB  ;  this  line  CD  being  its  nearest  pos- 
sible approach  to  the  vertical  line  in  which  it  tends  to  move 
in  obedience  to  the  law  of  gravity.  CD  is  therefore  the  line 
of  greatest  slope,  and  consequently  of  quickest  descent.  It  is 
this  line  which  water  tends  to  follow  in  its  search  for  the  short 


Fig.  17. 


est  path  of  descent. 

If  the  ridge  AB  be  in- 
clined, the  path  down  which 
the  spheA  will  roll  is  no 
longer  CD  at  right  angles  to 
AB,  but  another  line  CE, 
diverging  in  the  direction  of 
the  slope  of  the  ridge.  To 
determine  its  precise  posi- 
tion, from  any  point  C,  Fig. 
18,  let  fall  a  vertical  line  CV , 
and,  from  any  point  F  of  this 
vertical,  raise  a  perpendicu- 
lar to  the  plane  of  the  slope, ' 
meeting  it  in  E.  Draw  CE, 
and  it  will  be  the  line  of 
gieatest  slope  required ;  for 
H  is  tl  the  least  possible  distance  from  the  vertical  line  CV. 


Fig.  18. 
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I'he  same  result  might  be  otherwise  obtained  bv  raising  at 
C  :i  pcrpciKliciihir  to  the  plane  of  the  slope,  and  from  any  point 
therein  h'tlini:  fall  a  veilical  line,  which  will  intersect  the 
s!(ij)e  at  8()iue  point  E,  which  is  to  be  joined  to  (^  as  before. 

W  hen  I  he  slopes  are  not  planes,  the  constructions  are  more  com* 
plK-alei.  as  the  *•  lines  of  greatest  slope"  then  become  curves.* 

The  watLMs  which  have  fallen  upon  the  mountain-tops 
from  lime  immemoriai,  have  hollowed  out  for  themselves, 
or  iiavc  aclo!)ieci  for  their  passage,  channels  which  follow 
the  li/ics  of  L^rcutcst  slope,  whose  directions  we  have  jiisl 
invest igated.  \n  dciiccwiWwg  the  slopes  of  a  range  of  hills, 
they  thus  form  "  principal*'  valleys,  the  directions  of  which, 
as  w^e  have  seen,  are  perpendicular  to  the  ridge  when  it  is 
horizontal,  and,  when  it  is  inclined,  share  its  general  in- 
clination. These  streams  thus  divide  the  range  or  chain 
into  ramijlcations  or  brancJies,  having  approxiuiately  the 
same  direction  as  themselves.  The  line  in  which  the 
opposite  slopes  of  two  of  these  adjoining  **  branches"  in- 
tersect each  other,  and  which  thus  marks  out  the  lowest 
line  of  a  valle}^,  is  called  a  tJialweg.]  The  foot  of  one  of 
the  opposite  slopes  which  enclose  a  valley  is  generally 
parallel  to  the  foot  of  the  other  in  all  its  wnuosities,  a 
projecting  point  of  the  one  corresponding  to  a  receding 
cavity  in  the  other.  This  symmetry  is,  however,  some- 
times replaced  by  alternate  widenings  and  contractions. 

The  main  ridge  is  cut  down  at  the  heads  of  the  streams 
into  depressions  called  gaps,  or  passes  ;  the  more  ele- 
vated points  are  called  peaks.  They  are  respectively  the 
origins  of  the  valleys  and  of  the  branches  on  both  sides  of 
the  principal  slope.     In  the  gaps  are  often  found  swamps, 

*  Gayffier,  p.  3. 

t  A  German  word,  (signifying  "  the  road  of  the  valley")  which  has  been 
naturalized  in  the  French  language,  and  might  be  conveniently  added  tc 
our  engineering  vocabulary  in  English 
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ted  by  ihe  rain  which  falls  on  the  peaks  between  which 
they  lie.  In  these  the  streams  take  their  rise,  and  thence 
run  in  contrary  directions  down  the  opposite  slopes  of  the 
ridge.  The  intermediate  point,  from  which  they  start  and 
diverge,  is  called  the  culminating  point  of  the  pass. 

Thus  the  "  Notch"  of  the  White  Mountains  is  the  **  cul 
minating  point"  from  which  diverge  the  Saco  and  the  Am- 
monoosuc,  the  one  emptying  into  Long-Island  Sound  and 
the  other  into  the  Atlantic.  So,  too,  from  the  various  cul- 
minating points  in  the  Alleghany  chain,  streams  run,  on 
the  one  side  towards  the  Atlantic,  and  on  the  other  to  the 
great  lakes  and  to  the  Mississippi.  From  the  culminating 
points  of  the  Rocky  Mountains,  the  slightest  impulse  would 
turn  the  nascent  stream  either  into  the  head-waters  of  the 
Missouri  and  thence  into  the  Gulf  of  Mexico,  or  into  the 
head-waters  of  the  Columbia  and  thence  into  the  Pacific 
Ocean.  The  same  phenomena,  on  a  miniature  scale,  are 
repeated  on  every  ridge  after  every  shower. 

A  river  of  the  largest  class  marks  the  lowest  points  (or 
the  thalweg)  of  a  "  principal"  valley.  On  each  side  of  it  is 
a  bounding  ridge,  which  is  itself  pierced  by  "  secondary" 
valleys,  through  each  of  which  runs  a  stream  of  less  mag- 
nitude, its  waters  emptying  into  the  first-named  river,  of 
which  it  is. a  tributary.  The  ridges  which  form  the  val- 
leys of  each  of  these  lateral  streams  are  in  their  turn  fur- 
rowed by  valleys  of  the  third  class  ;  their  banks  by  the 
valleys  of  streams  of  still  less  importance  ;  and  so  on. 

The  "  principal"  valley  is  a  trunk,  from  which,  and 
from  one  another,  the  lesser  valleys  and  streams  ramify, 
like  the  branches  of  a  tree,  or  like  the  veins  of  the  body  • 
meeting  it  at  angles  approaching  more  nearly  to  a  right 
angle  in  proportion  as  the  ridge  of  the  slope  which  they 
furrow  approaches  to  a  1  orizontal  line. 
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:NFrj{i:\(  IS  from  the  water-courses. 

We  iluis  sec  how  an  accurate  map  of  the  streams  of  any 
Jisiricl  may  cii.ihle  us  to  deduce  from  ihem  the  position 
:>(  liic  valleys,  ilicir  lowest  points,  and  the  lines  of  greatest 
^lope  ;  for  wiili  tliesc  the  water-courses  coincide.  The 
position  of  the  ridixcs  which  form  the  valleys  is  a  necessary 
rorollnrv,  as  well  as  their  lines  of  greatest  slope. 

Ilavnii^  (leieiiriined  these,  we  can  profit  by  the  follow- 
ing iundanienlal  principles  : 

1 .  If  a  prin(i})al  ridge  is  met  by  two  secondary  ridges  at 
the  same  point,  the  point  of  meeting  is  a  maximum  of  height. 

2.  If  a  princi})al  ridge  is  met  by  two  thalwegs  at  the 
same  point,  the  point  of  meeting  is  a  minimum  of  height. 

3.  If  a  principal  ridge  is  met  at  the  same  point  by  a 
secondary  ridge  and  a  fJuilweg,  nothing  can  be  inferred.* 

The  following  examples!  show^  more  in  detail  some  of 
die  inferences  which  may  be  drawn  Irom  the  map  : 

If,  on  any  portion   of  a  map,  the  Fig.  20. 

streams  appear  to  diverge  from  any 
point,  as  A,  that  point  must  be  the 
common  source  of  the  streams,  and 
therefore  the  highest  part  of  that  re- 
gion. 

The  converse  \s  likewise  true  :  if 
the  streams  all  converge  towards  some 


S^ 


^■^ 


»  JuUwn,  ii.  &93. 


t  Mahan,  p.  27a 
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point,  as  B,  that  will  be  the  lowest 
spot  of  the  district  embraced  with- 
in the  map. 

If  two  streams  are  seen  to  flow  in 
opposite  directions  from  the  samc^ 
point,  as  C,  it  may  be  inferred  that 
tliis  spot  is  at  the  head  of  the  respec- 
tive valleys  of  these  streams,  and 
supplies  them  with  water,  and  that  it 
must  be  fed  by  higher  ground  beside 
it ;  or,  in  other  words,  that  there  is  a 
ridge  of  hills  separating  the  heads  of 
the  two  streams,  and  that  there  is  a 
depression  or  indentation  in  this  ridge 
at  the  point  C,  which  is  therefore  the 
natural  and  proper  location  for  a  road 
connecting  the  two  valleys. 

If  two  streams  are  parallel  to  each 
other,  and  flow  in  the  same  general 
direction,  this  circumstance  simply 
indicates  that  the  ridge  which  divides 
them  has  the  same  general  inclina- 
tion and  direction  as  the  streams. 
But  if  any  of  their  smaller  tributaries 
approach  each  otlier  at  their  sources, 
as  at  D,  this  indicates  a  depression 
of  the  main  ridge  at  that  point,  and 
marks  it  out  as  the  lowest  and  easi 
est  spot  for  the  crossing  of  a  road, 
as  in  the  preceding  case. 

If  two  streams  have  been  flowing 
iu  parallel  courses,  but  at  a  certain 
paiiit  E  diverge  from  each  other, 


Fig.  81. 


Tig.  22. 


Fig.  23. 


Fig.  24. 
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rid_ie  beiwci'ii  llierii. 

a  two  streams  are  generally  par- 
allrl  in  their  courses,  but  flow  in 
oj)p()site  directions,  the  low  points  in 
the  riciue  bcnwecn  them  will  still  be 
shown  by  the  aj)pr()ach  to  each  other, 
as  at  F,  ol  the  i)ranches  or  secondary 
streams  ;  or  by  the  principal  streams  approaching  each 
other  at  anv  j)(>int,  as  at  G. 

Having  thus  become  acquainted,  by  the  aid  of  the 
map,  with  the  principal  features  of  the  ground,  we  are 
prepared  to  plan,  if  not  the  precise  location  of  the  road,  at 
least  the  proper  course  for  the  preliminary  explorations 
upon  ihe  ground.  Long  lines  of  road  usually  follow  the 
valleys  of  streams,  and  thus  secure  moderate  grades  and 
hnd  the  lowest  passes  of  the  ridges  to  be  crossed.  In  this 
way  the  Simplon  road  crosses  the  A1])S,  by  ascending  the 
vallcv  of  the  KSaliine  to  its  head,  and  then  descending  that 
of  the  Doveria.  So,  too,  the  Boston  and  Albany  railroad 
finds  an  easy  grade  from  Worcester  to  Springfield  in  the 
valley  of  ihe  Chickapee  river,  and  then  winds  through 
ihe  mountains,  up  the  valley  of  the  Westfield,  till  it 
reaches  the  head-waters  of  the  Housalonic  upon  the  other 
side  of  the  ridge.  The  Utica  and  Schenectady  railroad 
never  quits  the  valley  of  the  Mohawk.  In  short,  all  roads 
strive  to  avail  themselves  of  such  facilities.  If  they  can- 
not, and  if  the  map  shows  that  their  general  course  is 
transverse  oo  the  directions  of  the  streams,  instead  of  with 
them,  it  may  be  at  once  predicted  that  they  will  be  steep 
in  their  ascents  and  descents,  or  exceedingly  expensive 
in  their  construction. 

These  pflnciples  having  been  established,  and  all  po8- 
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si^**e  information  obtained  from  the  map,  the   Reconnais- 
sance, mav  be  commenced. 


2.  BEOONNAISSANOE. 

This  is  a  rapid  prehminary  survey  of  the  region  through 
which  the  road  is  to  pass,  and  is  generally  made  by  ^lie 
eye  alone  without  instruments.  It  is  intended  to  be  only 
an  approximation  to  accuracy,  and  to  serve  to  deterriiiuc 
through  what  points  routes  should  be  instrumentally  sur- 
veyed. The  road-maker  must  examine  the  country,  map 
in  hand,  visit  and  identify  the  points  selected  on  the  map, 
and  see  whether  his  closet  decisions  have  been  correct. 
He  must  go  over  the  ground  backward  and  forward  in  op- 
posite directions,  for  it  will  often  appear  quite  different,  and 
convey  very  dissimilar  impressions,  according  to  the  poml 
from  which  it  is  viewed.  Thus,  a  hill  which  one  is  de- 
gcendmg  may  seem  to  have  a  very  easy  slope,  while  it 
may  appear  very  steep  to  one  ascending  it.  No  time  or 
labor  should  be  spared  in  these  first  explorations,  as  they 
will  save  much  expense  in  the  subsequent  surveys,  which 
in  their  turn  should  be  thoroughly  executed,  to  secure  the 
route  most  economical  in  construction.  Indeed,  the  sur- 
veyor should  become  as  perfectly  acquainted  with  the 
face  of  the  country  as  if  he  had  passed  his  hand  over 
every  foot  of  it. 

Certain  points,  called  "  ruling"  or  "  guiding"  points, 
will  be  found,  through  which  the  road  must  pass  ;  such 
as  a  low  gap  in  a  range  of  liills,  a  narrow  part  of  a  river 
suitable  for  a  bridge,  a  village,  &c.  But  a  road  which  is 
to  be  a  thoroughfare  between  two  places  of  great  trade, 
should  not  be  turned  from  its  direct  course  to  accommo- 
date a  small  town,  taxing  for  its  benefit  all  who  travel  upor 
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llic  road.  **  Tlic  gi\\iicst  good  of  ihe  greatest  numbet'' 
is  here  ihv  rule.  .Siill  less  should  individual  interest  be 
allowed  lo  operate,  and  the  general  interest  of  the  com- 
nir. nily  be  sacrificed  to  the  convenience  or  caprice  of  a 
•••iiiglc  person.  The  permanent  benefits  to  fu*iUre  genera- 
tions should  never  be  made  subordinate  and  subservient 
to  temporary  and  personal  advantages. 

Between  these  "riding"  points,  the  straight  line  joining 
them  is  to  be  marked  out.  The  route  adopted  nnust  vi- 
brate on  each  side  of  this  line,  like  an  elastic  cord,  con 
(inually  tending  to  coincide  with  it,  except  when  deflected 
lo  the  right  m'  to  the  left  by  weighty  reasons,  such  as  the 
accidents  of  the  ground  supply.  Thus,  a  swamp,  which 
would  render  necessary  an  expensive  causew^ay,  is  a  suf- 
ficient cause  for  a  wide  deviation  of  the  road  to  avoid  it. 
The  disadvantages  of  straight  lines,  which  encounter  and 
lun  over  hills,  have  been  explained  in  the  preceding  chap- 
l:i\     In  the  accompanying  Fig.  26. 

fiirui-e  the  upper  sketch 
shows  a  pla7i,  or  map-  a  • 
view,  of  two  roads,  the 
one  ACB  over  a  hill,  and 
the  other  ADB  around  it ; 
and  the  lower  sketch 
shows  a  profile,  or  side- 
view,  of  the  respective  x'^ 
heights  of  the  same  lines. 

When  there  are  many  small  valleys  or  ravines,  with 
projecting  spurs  and  ridges  intervening,  instead  of  making 
the  road  wind  on  die  level  ground,  and  follow  all  its  sinu- 
osities, as,  ACCCCB,  in  the  next  figure,  it  will  be  better 
to  make  a  nearly  straight  line,  as  ADDDB,  cut  through  the 
projecting  points  in  such  a  way  that  the   earth  dug  oul 
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shall  just  suffice  to  fill  the  hollows.     The  gain  by  saving 
(rf'disiancc  may  balance  the  cost  of  culling  and  filling.. 


When  rhe  route  follows  the  valley  of  a  stream,  il  may 
ronform  lo  its  sinuosities,  if  the  turns  are  not  too  abrupt, 
and  if  the  cuttings  and  fillings  on  a  straighter  line  would 
be  loo  expensive,  but  should  approximaie  to  ihe  latU'i 
plan,  if  the  importance  of  the  road  and  the  funds  at  com- 
mand will  justify-  the  increased  cost.  The  former  plpji, 
however,  generally  gives  the  cheapest  and  most  level 
route  ;  and  guided  by  this  principle  a  blind  man  was  for  a 
long  time  the  very  best  layer  out  of  roads  in  the  hilly  re- 
gions of  Yorkshire  and  Derbyshire.  He  followed  the 
streams  closely,  and  when  they  made  too  sharp  bends, 
be  sought  in  these  arcs  the  straightest  chords  which 
pasxed  over  practicable  ground. 

When  a  valley  is  to  be  crossed,  the  route  should  gen- 
erally deviate  from  the  straight  hne  ACB,  (Fig.  28)  and 
curve  towards  the  be~d  of  the  valley  ADB,  which  there  i^ 
usually  shallower  and    irrower.    If  it  deviated  in  the  other 
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aixi  F,  which  may 
cause  a  great  saving 
of  emhaiikmenl,  on 
the  line  AEFB,  com- 
pared with  eitiier  ihe 
siraiglit  route  ACB,  or  the  np-slreain  one  ADB,  as  is 
shown  in  the  accompanying  plan  and  profile,  in  which  the 
same  letters  refer  lo  corresponding  lines. 

When  a  road  is  to  join  two  places  on  Ihe  opposite  si'ltit 
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nf  a  rutgCy  we  can  profit  by  the  observation  ihal  ilie 
streams,  by  the  approach  of  their  sources,  show  the  low- 
est points  of  the  ridge ;  and  of  the  various  passes  Uius 
indicated,  we  should  choose  that  one,  ihe  valleys  of  the 
streams  from  which  run  as  nearly  as  possible  in  tlie  di- 
rection of  the  required  line ;  and  that  one,  also,  which 
has  the  most  uniform  inclination — not  easy  at  the  foot 
and  steep  towards  its  summit,  as  is  often  the  case. 

When  a  road  is  to  join  two  places  situated  on  the  same 
side  of  a  mountain  ridge,  but  half  way  down  its  side,  a 
straight  line  between  them  would  cross,  in  their  deepest  and 
widest  parts,  all  the  **  principal"  valleys  which  run  down 
from  every  gap.  One  of  two  other  plans  must  then  be 
adopted  ;  either  to  ascend,  and  carry  the  road,  with  neces- 
sary windings,  at  the  level  of  the  culminating  points  of 
the  gap,  where  the  valleys  have  only  begun  to  be  hollowed 
out ;  or  to  carry  it  at  the  foot  of  the  ridge,  where  the  val- 
leys have  run  out  to  nothing,  and  merged  themselves  un- 
dislinguishably  in  the  plain.  Either  plan,  in  spite  of  the 
initial  and  final  ascent  and  descent,  is  preferable  to  the 

direct  line. 

FlfiT.  30. 
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The  respective  profiles  of  the  three  plans  would  be 
somewhat  as  represented  in  the  figure,  in  which  ACB  is 
ihe  first  plan,  ADB  the  second,  and  AEB  the  last.  The 
l&st  line  is  generally  taken,  because  there  are  more  inhab- 
itants at  the  foot  of  the  ridge.  It  would  properly  run  near 
die  line  of  separation  between  the  uncultivated  slopes  and 
the  ploughed  fields. 
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The  location  of  a  road  is  also  influenced  by  ihe  geologij 
of  a  (iisirict,  which  must  therefore  be  carefully  studied 
This  science  will  make  known  the  probability  of  finding* 
rock  on  curling  deep  into  a  hill  proposed  to  be  crossed  ; 
in  which  case  the  cutting  should  be  avoided,  if  possible, 
hv  a  (lifTerent  location  of  the  line.  It  will  also  determine 
tiic  dips  of  the  strata  to  be  cut  into,  the  angle  at  which 
they  will  stand,  and  their  liability  to  slip  ;  and  therefore 
llirouuli  which  the  line  may  best  pass.  If  the  road  is  to 
be  covered  with  broken  stone,  or  to  be  paved,  a  know- 
hMJiie  of  the  locality  of  the  best  materials  might  cause  a 
line  approaching  it  to  be  preferred  to  one  which  left  it  a! 
a  distance. 

'I'he  Reconnaissance  is  to  be  made  in  accordance  with 
the  principles  which  have  been  enunciated,  obtaining  all 
needful  information  from  the  residents  of  the  region  to  be 
examined,  and  the  details  of  its  general  course  are  to  be 
marked  out  on  the  ground,  thus  establishing  **  Apprcxi- 
mMle''  or  "  Trial"  lines.  In  a  wooded  country  this  is  done 
by  "  blazing"  the  trees  in  the  line  selected,  (removing  a 
chip  from  their  sides  with  an  axe  ;)  and  in  a  cleared  coun- 
try by  driving  stout  stakes  at  the  most  important  points  of 
the  line,  such  as  all  changes  in  its  direction,  and  in  the 
slope  of  the  ground. 


3.    SURVEY   OF  A  LINK 

When  the  different  portions  of  a  proposed  line  have 
been  thus  marked  out,  in  order  to  form  an  accurate  opin- 
ion of  its  merits,  it  is  necessary  to  measure — 

1.  Its  distances. 

2.  Its  directions, 

3.  Its  heights 


r- 
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MEASUREMENT    OF    DISTANCES. 

The  length  of  a  straight  line,  that  is,  the  distance  be- 
tween its  extremities,  may  be  approximately  estimated  in 
a  variety  of  ways,  without  the  delay  of  actual  measure 
ment  in  detail. 

Sound  is  a  well-known  means.  Its  velocity  is  1100 
feet  per  second  at  the  temperature  of  freezing.*  If  a  gun 
be  fired  by  an  assistant  at  one  end  of  a  line,  an  observer 
at  the  other  end,  by  counting  the  seconds  which  intervene 
between  seeing  the  flasli  and  hearing  the  report,  and  mul- 
tiplying their  number  by  1100,  can  estimate  the  distance 
with  considerable  accuracy.  If  he  have  not  a  watch  with 
a  second-hand,  he  can  at  once  make  a  portable  pendulum, 
by  fastening  a  pebble  to  a  string,  and  making  it  swing  in 
regular  vibrations,  each  of  which  will  be  performed  in  an 
exact  second,  if  the  string  be  39}  inches  long ;  in  half  a 
second,  if  it  be  9f  inches  long ;  and  in  a  quarter  second, 
if  its  length  be  2}  inches. 

This  method  is  best  adapted  for  considerable  distances, 
in  which  there  are  good  points  for  observation,  such  as 
the  hills  on  the  two  opposite  sides  of  a  wide  valley. 

For  shorter  distances,  the  distinctness  with  which  dif- 
ferent objects  can  be  seen,  is  an  approximate  guide.  Thus 
the  windows  of  a  large  house  can  generally  be  counted  at 
the  distance  of  3  miles ;  men  and  horses  can  just  be  per- 
ceived as  points  at  about  1  \  miles  ;  a  horse  is  clearly  dis- 
tinguishable at  I  mile ;  the  movements  of  a  man  at 
^  mile ;  and  a  man's  head  is  plainly  visible  at  |  mile.t 

*  For  each  degree  of  Fahrenheit  al>OTe  32^,  add  one-half  foot,  and  foi 
Mieb  degree  below,  subtract  one-half  foot  A  temperature  of  CO^  would 
tfiM«iDm  ghre  nOO+^<>  «=  1114  feet  per  second. 

t  Frame,  Pi  60. 
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The  Arabs  of  Algeria  define  a  mile  as  "  the  distance  at 
winch  you  can  no  longer  distinguish  a  man  from  a  wo- 
man/' These  distances  of  visibility  will  of  course  vary 
somewhat  with  the  slate  of  the  atmosphere,  and  still  more 
wiiii  individual  acuteness  of  sight,  but  each  person  can 
rnodifv  ihem  for  himself. 

I'or  still  less  distances,  an  easy  method  is  to  prepare 
a  scal(\  hy  marking  off  on  a  pencil  what  length  of  it,  when 
it  is  held  off  at  arm's  length,  a  man's  height  appears  to 
rover  at  difTerent  distances  (previously  measured  with  ac- 
curacy) of  100,  500,  1000  feet,  &c.     To  apply  this,  when 

Fig.  31. 


:i^. 


a  man  is  seen  at  any  unknown  distance,  hold  up  the  pen- 
cil at  arm's  jcngih,  making  the  lop  of  it  come  in  the  line 
from  the  eye  to  his  head,  and  placing  the  thumb  nail  in 
the  line  from  the  eye  to  his  feel.  The  pencil  having  been 
".Previously  graduated  by  the  method  above  explained,  the 
portion  of  it  now  intercepted  between  these  two  lines  will 
indicate  the  corresponding  distance. 

If  no  previous  scale  have  been  prepared,  and  the  dis 
.ance  of  a  man  be  required,  take  a  foot-rule,  or  any  meas- 
ure minutely  divided,  hold  it  off  at  arm's  length  as  before 
and   see  how  much  a  man's  height  covers.     Then  know 
ing  the  distance  from  the  eye  to  the  rule,  a  statement  by  . 
the  Rule  of  Three  (on  the  principle  of  similar  triangles 
will  give  the  distance  required.     Suppose  a  man's  height, 
of  70  inches,  to  cover  1  inch  of  the  rule.     He  is  then  70 
times  as  far  from  the  eye  as  the  rule ;  and  if  its  distance 
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be  2  feet,  that  of  the  man  is  140  feet.  Instead  of  a  man*s 
height,  that  of  an  ordinary  house,  of  an  apple-tree,  the 
length  of  a  fence-rail,  &:c.,  may  be  taken  as  the  standanl 
of  comparison. 

Quite  an  accurate  measurement  of  a  line  of  ground  may 
be  made  by  walking  ov€7  It  at  a  uniform  pace,  and  count- 
ing the  steps.  It  is  better  not  to  attempt  to  make  each 
of  the  paces  three  leet,  but  to  take  steps  of  the  natural 
length,  and  to  ascertain  the  value  of  each  by  walking 
over  a  known  distance,  and  dividing  it  by  the  number  of 
paces  required  to  traverse  it.  An  average  length  is  32 
inches.  An  instrument,  called  a  pedometer,  has  been 
contrived,  which  counts  the  steps  taken  by  one  wearing 
it,  without  any  attention  on  his  part.  It  is  ^attached  to  the 
body,  and  a  cord,  passing  from  it  to  the  foot,  at  each 
step  moves  a  toothed  wheel  one  division,  and  some  inter- 
mediate wheelwork  records  the  whole  number  upon  a  dial. 

These  methods  are  all  approximations.  For  more  ac- 
curate measurements  a  chain  is  employed.  The  usual  sur- 
veyor's or  Gunter*s  chain,  is  66  feet  or  four  rods  long,  and 
is  divided  into  100  links ;  but  for  the  measurement  of 
distances  only,  without  reference  to  areas  in  acres,  a  chain 
of  60  or  100  feet  is  much  preferable. 

When  obstacles  are  encountered  on  the  line,  rendering 
a  direct  measurement  impossible,  such  as  a  house,  a 
pond,  a  river,  &c.,  resort  must  be  had  to  some  of  tlie 
many  ingenious  contrivances  to  be  found  in  the  special 
treatises  on  surveying  and  engineering  field-work.  Two 
only  of  the  best,  which  have  the  advantage  of  requiring 
no  calculations,  will  be  here  given. 

When  the  obstacle  is  one  around  which  we  can  pass, 
rach  OS  a  Jumse  or  a  pond,  the  following  plan  may  be 
adoptcjd.     Let  AB  be  the  distance  required.     Measure 
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from  \  obliquely  to  some  point  C. 
[)ast  llie  ohslacle.  Measure  on- 
ward HI  the  same  line,  till  CD  is  as 
long  as  AC.  Place  stakes  at  C 
and  1).  PVom  B  measure  .  .  C, 
and  from  C  measure  onward  in  the 
same  line,  till  CE  is  equal  to  CB. 
Measure  El),  and  it  will  he  equal 
U)  AB,  the  distance  required. 

\\  lien  the  obstacle  is  a  river,  the  following  is  the  method 
to  be  employed.      Let  AB  be  Fig.  33. 

the  requiieci  distance.  From 
A  measure  any  line  diverfirinCT 
trom  the  river,  as  AD,  and 
set  a  slake  in  its  middle  })oint 
C.  Take  any  ])oint  E,  m  the 
line  of  A  and  B.  Measure  from 
]']  to  C,  and  onward  in  the 
same  line,  till  CF  ecjuals  Civ 
'J'hen  find  by  trial  the  point 
G,  which  shall  be  at  the  same 
time  in  the  line  of  C  and  B,  and  m  the  line  of  D 
and  E.  Measure  the  distance  from  G  to  D,  which 
will  equal  the  re(|uired  distance  from  A  to  B.  The 
lines  which  it  is  not  necessary  to  measure  are  doited 
in    the  figure. 


MEASUREMENT    OF    DIRECTIONS. 

Having  measured  the  lengths  of  the  various  portions  of 
tie  line,  by  whatever  method  will  give  the  degree  of  ac- 
curacy required,  their  directions  are  also  to  be  examined. 
determined,  and  recorded. 
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These  directions  may  be  accurately  determined,  with 
reference  to  the  adjoining  portions  of  the  lines,  and  there- 
fore to  any  given  line,  by  simple  measurements  wiili 
the  chain,  without  the  use  of  any  of  the  usual  complicated 
angular  instruments. 

Let  AB  and  BC  rep-  Fig.  34. 

resent  two  lines  on  the     .  «  n 

ground,  meeting  at  any  ^^^^^'^^^^^  ^ 

angle.   It  is  required  to  ^^^^•^^Z 

determine  the   change  C^^ 

in  the  direction  of  the  line  BC  fronn  that  of  AB,  i.  e.,  the 
angle  CBD,  or  the  **  angle  of  deflection."  Set  off  from  B 
equal  distances,  BC  on  the  new  line,  and  BD  on  AB  pro- 
duced, and  measure  DC,  which  is  the  chord  of  the  angle 
required.  To  find  the  angle  numerically,  take  half  this 
measured  chord,  (which  equals  the  sine  of  half  the  angle 
to  radius  BC)  and  divide  it  by  BC.  Find  in  a  table  of 
natural  sines  the  angle  corresponding  to  the  quotient. 
Twice  this  is  the  angle  CBD  required.  But  even  this 
brief  calculation  is  needless  for  putting  down  the  line 
upon  paper,  as  it  is  only  necessary  to  describe  an  arc 
from  B  as  centre  with  BC  as  radius,  and  to  set  off  CD  of 
the  proper  length,  the  distances  being  taken  from  any  one 
scale. 

If  the  direction  of  a  line  be  required  independently  of 
any  other  line  upon  the  ground,  it  is  usually  referred  to 
the  direction  of  the  meridian,  i.  e.,  the  line  which  passci^ 
through  the  north  and  south  poles  of  the  earth.  Th"^ 
compass  is  the  readiest  means  of  obtaining  this,  although, 
in  addition  to  its  other  inherent  defects,  it  gives  the  angle 
made  by  the  given  line  with  only  the  magnetic  meridian 
which  is  constantly  changing,  and  from  which  the  ti'ue 
mendian  in  most  places  varies  considerably. 
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'I'o  iletormiiie  the  true  ?neridian  (and  therefore  the 
iiiu;lc  which  any  hue  makes  with  it)  without  the  use  of 
the  ronipass,  the  fallowing  is  a  simple  and  sufficiently 
acciiraie  method.  On  the  south  side  of  any  level  surface, 
erect  an  upright  staff,  shown, 
in  horizontal  projection,  at  A. 
Two  or  three  liours  before 
noon  mark  the  extremity,  B, 
of  its  shadow.  Describe  an 
arc  of  a  circle  with  A,  the 
loot  of  the  stair,  for  centre, 
aii«l  AB,  the  distance  to  the 
extrcnnty  of  llie  shadow,  foi 
radius.  At  about  as  many 
hours  after  noon  as  it  had  been  before  noon  when  the 
first  mark  was  made,  watch  for  the  moment  when  the  end 
of  the  shadow^  touches  the  arc  at  another  point  C.  Bisect 
the  arc  BC  at  D.  Draw  AD,  and  it  will  be  the  true  me- 
ridijin,  or  north  and  south  line,  required. 

For  greater  accuracy,  describe  several  arcs,  mark  the 
points  in  which  each  of  them  is  touched  by  the  shadow, 
bisect  each,  and  adopt  the  average  of  all.  The  shadow 
will  be  better  defined,  if  a  piece  of  tin  with  a  hole  through 
't  be  placed  at  the  top  of  the  staff,  as  a  bright  spot  will 
thus  be  substituted  for  the  less  definne  shadow.  Nor 
need  the  staff  be  vertical,  if  from  its  summit  a  plumb- 
dne  be  dropped  to  the  ground,  and  the  point  which  this 
strikes  be  adopted  as  the  centre  of  the  arcs,  through  which 
tiie  meridian  line  AD  is  finally  to  be  drawn.* 


♦  For  the  method  of  determining  the  true  meridian  by  the  north  ttar  and 
ather  methods,  see  Gillespie's  Land  Surveying,  pp.  190-198. 
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Fig.  36. 
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MEASUREMENT    OF    HEIGHTS. 

l*he  relative  heights  of  the  different  points,  at  whicl 
ilie  Une  changes  its  slope,  are  next  to  be  determined 
The  operation  required  for  this  purpose  is  called  level- 
ling. It  consists  in  finding  how  much  each  of  these 
points  is  below  any  level  line.  The  difference  of  their 
distances  below  it  (measured  perpendicularly  to  it)  is  the 
difference  of  their  heights.  The  first  step,  then,  is  to 
discover  means  of  getting  a  level  line  at  any  point  desirec^ 

The  principle,  that  a  level  line  is  everywhere  perpen- 
dicular  to  the  direction  of  gravity,  furnishes  the  first 
inethoii.  Upon  it  depends  the  well-known  **  Mason's 
levely^  in  which  a 
straight  edge  AB  is 
*'  level,"  or  horizontal, 
when  a  line  CD,  ex- 
actly at  right  angles 
to  it,  is  covered  by  a 
plumb-line  attached  to 
its  upper  extremity  C. 

As  this  position  of  the  level   line  is  inconvenient,  in 
practice,  for  long  sights,  by  inverting  the  instrument  we 
get  the  "  Plumb-line  leveL''^     To  construct  it,  at  the  mid- 
dle of  a  straight  edge,  at-  Fig.  37. 
tach  a  bar,  so  that  a  line  ^-f^ 
drawn  through   its  middle 
is  exactly  at  right  angles  to 
the  straight  edge.      From 
the  point  of  meeting   sus- 
pend a  plumb-line.     Turn 
the     instrument     till    the 
plumh-line  covers  the  line  di*awn  on  the  bar.     Then  will 
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lln?  siraii^lit  cdi^c  be  a  level  line,  and  by  looking  overife 
hurliice,  or  across  sights,  placed  at  equal  heights  above  its 
cutis,  liiis  level  line  may  be  produced  by  the  eye,  so  as  to 
pass  over  any  point  to  which  the  straight  edge  is  directed. 

A    modification    of    the  Fig. 38. 

plumb-line  level,  which 
has  the  advantage  of  l>e-  ^. 
niL^  self-adjustiiiix,  is  call- 
ed the  *'  Pemluhini  Icv- 
t7."  As  before,  a  straight 
ii^[i^c  and  a  l)ar  are  fixed 
at  riiilit  aniiles  to  eacli 
oiher,  bill  a  heavy  weight  at  the  lower  extremity  of  the 
bar  keej)s  it  always  vertical,  and,  consequently,  the 
straight  Qi\g(i  always  horizontal.  The  whole  apparatus 
IS  susp(Mided  by  a  ring  from  the  junction  of  three  legs 
which  move  on  pivots,  so  as  to  form  a  steady  support  on 
the  most  uneven  ground.  A  "  tripocV^  of  this  sort  is  gen- 
erally em])loyed  for  the  support  of  all  the  instruments  of 
survevirJiT. 


rT^] 


y^E^/^ J 


riie  '*  A  lever  is  a 
portable  and  conveni- 
ent modification  of  the 
mason's  level.  The 
legs  AB,  AC  turn  on  a 
hinge  at  A,  as  does  the 
bar  DE  at  E,  so  that  all 
three  may  be  folded  up 
into  a  stout  rod.  When 
the  plumb-line  corre- 
sponds with  the  middle  of  the  bar  DE,  the  feet  of  the  in 
strument  are  on  the  same  level  At  F  and  G  are  fixed 
two   sights,    at   equal    distances    from    the  feel,   so    that 
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wheu  the  latter  are  level,  the  line,  obtaitied  by  looking 
tlirougb  these  sights,  is  level  also.  The  use  of  the  other 
divisions  on  the  bar  DE  will  be  explained  under  the  head 
of  "  G/ades."' 

Another  simple  instrument  depends  upon  the  principle 
that  "  water  always  finds  its  level."  If  a  tube  be  bent  up 
at  each  end,  and  nearly  filled  with  water,  the  surface  of 
the  water  in  one  end  will  always  be  at  the  same  height  as 
that  in  the  other,  however  the  position  of  the  tube  may 
vary.  On  this  truth  depends  the  "  Water  levels  U 
may  be  easily  con-  Fig.  40. 

structed    with     a  >^^..^ a. 

lube   of  tin,  lead,  P  ..  ^ 

copper,    &c.,     by  Ja^ 

bending  up,  at  right  /A 

angles,  an  inch  or  // 

two  of  each   end.  yy 

In  these  ends  ce-  // 

ment    thin     vials,  jy 

with  their  bottoms  ^ 

broken  oflf,  so  as  to  leave  a  free  communication  between 

them.     Fill  the  tube  and  the  vials,  nearly  to  their  top, 

with  colored  water.    Cork  their  mouths,  and  fit  the  instru 

ment,  by  a  steady  but  flexible  joint,  to  a  tripod. 

To  use  it,  set  it  in  the  desired  spot,  place  the  lube  by 
eye  nearly  level,  remove  the  corks,  and  the  surfaces  of 
the  water  in  the  two  vials  will  come  to  the  same  level. 
Looking  across  them,  we  get  the  level  line  desired 
Sights  of  equal  height,  floating  on  the  water,  and  rising 
f  bove  the  lops  of  the  vials,  would  give  a  better-defined  line. 

The  ** Spirit  leveV*  consists  essentially  of  a  curved  glass 

*  See  Simnw  oo  Dnmag  Instramento,  3d  editioo,  p^  146 
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lijl)c  filled  with  alcohol,  but 
Willi  a  hubhle  of  air  Icil  X 
uiihin,  which  always  seeks 
:he  hiLih(\<i  spot  in  the  lube,  and  will  ifierefore  by  ils 
movements  iiulicate  any  change  in  the  position  of  the 
•iil)r.  To  picjjare  the  tube  for  use,  it  is  placed  with  its 
coinovity  uppermost,  and  supported  either  in  a  block,  or  by 
sii>j)riisi.)ii  ;  and  wlicn  the  bottom  of  the  block,  or  the 
<  114! its  at  each  end  of  it,  coincide  with  some  level  line 
pirviously  established,  marks  are  made  on  the  tube  at  the 
t  xircMtiiiies  of  the  air  bubble.  The  instrument  is  then 
ready  lor  use;  for  whenever  the  bubble,  by  raising  or 
lowerinir  one  end,  has  been  brought  to  stand  between  the 
oiii]inal  marks,  (or,  in  case  of  expansion  or  contraction,  at 
equal  distances  on  cidier  side  of  them)  the  Sights  will  be 
on  the  same  level  line. 

When,  instead  of  the  sights,  a  telescope  is  made  parallel  to 
the  level,  and  various  contrivances  to  increase  its  delicacy  and 
accuracy  are  added,  the  instrument  becomes  the  engineer's 
spirit-level,  and  is  out  of  the  reach  of  the  unprofessional  read- 
ers for  whom  this  volume  is  chiefly  desifjned.*  The  same  is 
the  case  with  the  "  French  reflecting  level." 

By  whichever  of  these  various  means  a  level  line  has 
been  obtained,  the  subsequent  operations  in  making  use 
of  it  are  identical.  Since  the  *' water  level"  is  easily 
njade  and  tolerably  accurate,  we  will  suppose  it  to  be  em- 
ployed. Let  A  and  B  represent  the  two  points,  the  differ- 
ence of  the  heights  of  which  is  required.  Set  the  instru- 
ment on  any  spot  from  which  both  the  points  can  be  seen, 
and  at  such  a  height  that  the  level  hue  will  pass  above  the 
highest  one.  At  A  let  an  assistant  hold  a  staff  graduated  into 
feet,  tenths,  &;c.     Turn  the  instrument  towards  the  staff 

•  For  ite  description  and  adjuptmentp,  see  Oilleppie'g  Levelling,  Part  I.,  cluy 
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Fig.  48. 


look  along  the  level 
line,  and  note  what 
division  on  the  staff 
it  strikes.  Then 
send  the  staff  to  B, 
direct  the  instru- 
ment to  it,  and  note 
the  height  observed 
at  that  point.  If 
the  level  line  pro- 
duced by  the  eye  passes  2  feet  above  A  and  6  feet 
above  B,  the  difference  of  their  heights  is  4  feet.  The 
absolute  height  of  the  level  line  itself  is  a  matter  of 
indifference.  If  the  height  of  another  point,  C,  not  visible 
from  the  first  station,  be  required,  set  the  instrument  so  as 
to  see  B  and  C,  and  proceed  exactly  as  with  A  and  B. 
If  C  be  found  to  be  3  feet  above  B,  it  will  be  4  —  3  =  1 
foot  below  A.  If  C  be  1  foot  below  B,  as  in  Fig.  43,  it 
will  be  4  + 1  —  5  feet  below  A.     The  comparative  heights 

Fig.  43 


a ,^. 


of  a  series  of  any  number  of  points,  can  thus  be  found  m 
reference  to  any  one  of  them. 
The  beginner  m  the  practice  of  levelling  may  advan- 
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tagcoijsly  make  in  his  *  field-book"  a  sketch  of  the  neights 
noted,  and  of  the  distances,  putting  down  each  as  it  is 
ol)!<ervcd,  and  imitating,  as  nearly  as  his  accuracy  of  eye 
vviil  permit,  their  proportional  dimensions.*  But  when 
ihe  ol)servalions  are  numerous,  they  should  be  kept  in  a 
labular  form,  sucli  as  that  which  is  given  below.  The 
names  of  llie  points,  or  **  stations,"  whose  heights  are  de 
manded,  are  placed  in  the  first  column  ;  and  their  heights*, 
as  linally  ascertained,  in  reference  to  the  first  point,  in  the 
last  rohunn.  The  heights  above  the  starting  point  are 
marked  -+-,  and  I  hose  below  it  are  marked  — .  The  back- 
sight to  any  station  is  placed  on  ihe  line  below  the  point 
to  winch  it  refers.  When  a  back-sight  exceeds  a  fore- 
sight, their  ditfcrence  is  placed  in  the  column  of  "as- 
cents ;"  when  it  is  less,  their  difference  is  a  *'  descent." 
The  following  table  represents  tl>e  same  observations  a* 
the  preceding  sketch,  and  their  careful  comparison  will  ex- 
plain any  obscurities  in  either. 


r 

Stations. 

Distances 

t 

Biick-sight>. 

Fore-sights.  Ascents. 

1 

Descents. 

Total  Heights. 

A 

0.00 

B 

100 

2.00 

6.00 

—  4.00 

—  4.00 

C 

60 

3.00 

4.00 

1.00 

—  3.00 

J) 

40 

2.00 

1.00 

+  1.00 

—  4.00 

E 

70 

0.00 

1.00 

+  5.00 

+  1.00 

F 

50 

2.00 
15.00 

6.00 

—  4.00 

-3.00 

18.00 

—  3.00 

The  above  table  shows  that  B  is  4  feet  below  A  ;  thai 
V  is  5  feet  below  A  ;  that  E  is  1  foot  above  A  ;  and  so 
on.      T'j   test  the   calcidations,   add   up   the   back-sights 


•   In  the  fig-ure,  the  limits  of  the  page  have  made  it  necessary  to  con- 
tract the  honzoutal  distances  to  one-tentli  of  tlieir  proper  proportional  siao 
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and  fore-sights.     The  difference  of  tlie  sunjs  should  equal 
Ihe  last  "  total  height."* 

The  level  line  obtained  by  any  of  these  iristruments 
is  a  tangent  to  the  surface  of  the  earth,  and  therefore  di- 
verges from  the  surface  of  standing  water,  which  presents 
a  curve  corresponding  to  that  of  the  earth.  The  differ- 
ence between  the  lines  of  true  and  apparent  level,  is  8 
inches  at  the  distance  of  a  mile  ;  but  since  it  varies  as  the 
square  of  the  distance,  it  is  very  insignificant  in  sights  of 
ordinary  length,  (one-eighth  of  an  inch  for  a  sight  of  one- 
eighth  of  a  mile)  and  may  be  completely  compensated  by 
setting  the  instrument  midway  between  the  points  whose 
difference  of  level  is  desired  ;  a  precaution  which  should 
always  be  taken,  when  possible.  If  the  ground  renders 
sights  of  unequal  length  unavoidable,  a  balance  should  be 
struck  as  soon  as  possible,  by  adopting  corresponding 
inequauties  in  the  contrary  direction. 

The  heights  observed  along  the  length  of  the  road,  which 
give  its  *'  longitudinal  section,"  should  be  taken  at  every 
change  of  slope  ;  and  at  every  hundred  feet,  when  the  line 
is  finally  located. 

It  is  also  necessary  to  take  them  at  right  angles  to  its 
length,  in  order  to  obtain  the  "  transverse"  or  "  cross  sec- 
tions.^^  These  are  required  for  the  subsequent  calcula- 
tions of  the  "cutting  and  filling,"  ard  to  enable  the  engi- 
neer to  see  what  would  Fig.  44 
be  the  effect  upon  these, 
of  moving  the  line  Co  the  q 
righi  or  to  the  left.  The  ^---'"'^!  * 
right  page  of  the  note- 
book is  usually  devoted 


*  For  anntiior  form  of  LeTeUim;  Field-book,  see  page  146* 
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.ii  pari,  to  llic  cross-sections,  taken  in  reference  to  any 
slaiiun,  as  H.  In  this  example,  on  the  right,  the  ground 
rise>  H)  tVit  in  going  out  30  ;  on  the  left,  it  falls  20  in  a 
'*  liisiaiKC  oiif'  ot  50. 

'riiL'sr  cross-scciioiis  should  be  taken  at  every  change 
of  lonmiiKliiial  ."^lopc.  At  every  change  of  slope  trans- 
\('iscly,  siiiizU'  heights  aiui  *' distances  out"  should  be 
lakt'ii.  '\\\v  liilure  calculalions  of  cubical  contents  will 
lie  lacilil.iU'J  i)y  observing  the  following  rules  : — 

1.  Take  a  cri)ss-seclion  whenever  either  edge  of  the 
road  j)asses  lioin  excavation  to  embankment,  or  vice 
m  sa. 

2.  W lien  the  road  is  partly  in  excavation  and  partly  in 
eiiihaiikuieni,  ascertain  the  "  distance  out"  at  which  the 
i^raile,  or  level  of  the  base,  cuts  the  surface  of  the  ground. 

:i.  Take  heights  at  each  edge  of  the  base,  i.  e.  at  dis- 
lanrc;s  on  each  side  ot  the  centre  line,  equal  to  the  half 
width  of  the  base  of  the  road. 

4.  Take  the  intermediate  cross-sections  at  some  deci- 
mal division  of  100  feet. 

The  Mountain  Barometer  is  an  instrument  of  great  value 
for  the  rapid  determination,  with  approximate  accuracy,  of  the 
heiiihts  of  the  leading  points  in  an  extensive  district  of  country.* 

The  temperature  of  boiling  water  supplies  another  easy 
means  of  approximation.  The  degree  of  heat  at  which  watci 
boils  diminishing  as  the  height  increases,  tables  have  been 
constructed  from  observation,  with  the  aid  of  which  the  height 
of  a  place  may  be  calculated  from  the  temperature  at  whicfa 
water  there  boils.f 


*  Gilloppie'B  Levellinj?,  p.  79. 

t  See  Silliman'8  Journal,  1846,  pp.  134-5. 
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4.    HAPPING    THE    SURVEY. 


The  lengths^  directions,  and  heights  of  the  different 
portions  of  the  line  having  been  ascertained,  they  are  next 
to  be  represented  on  paper,  in  such  a  way  as  to  convey  to 
an  instructed  eye  a  complete  idea  of  the  ground  over  which 
the  route  passes.  This  idea  will  be  as  accurate  as  could  be 
obtained  from  actual  examination,  and  much  more  easily 
embraced  by  the  mind  ;  the  details  being  made  subordinate 
to  the  leading  features. 

The  mapping  of  a  line  comprehends  two  distinct 
branches : 

1 .  The  plot. 

2.  The  profile. 


THE    PLOT   OF  A   LINE. 


This  represents  the  lengths  and  directions  of  the  difier- 
ent  portions  of  a  line,  projected  on  a  horizontal  plane,  as 
they  would  be  seen  by  an  eye  looking  down  upon  them 
from  a  great  height  directly  above  them.  If  the  lengths 
have  been  measured  horizontally,  as  is  usual,  they  will 
require  no  farther  reduction.  Before  commencing  the 
plot,  its  **  5C«/e"  must  be  determined,  i,  e.,  what  propor- 
tion the  representation  is  to  bear  to  the  reality,  or  ho^ 
many  feet  of  the  line  each  foot  of  the  plot  is  to  represent. 
If  one  foot  of  the  plot  represent  1000  feet  of  the  line,  100 
feet  of  llie  latter  will  occupy  one  tenth  of  a  foot  on  the 
plot,  and  so  on.  Any  convenient  scale  may  be  assumed, 
but  must  be  carefully  preserved  unchanged  in  the  same 
plot.  The  changes  in  the  direction  of  the  line,  or  the 
angles  of  deflection  of  its  adjacent  parts,  may  be  most 
easily  laid  down,  as  explained  on  page  91,  by  describing 
an  aic  from  the  angular  point  with  the  same  radius  useH 
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on  tlie  ground,- (liikcu  lo  the  proper  arale)  am)  seilinj^  08 
uri  the  arc,  as  a  chord    the  proper  dislance  measui 
like  manner. 

If  the  defleciion  had  been  measured  by  an  angular  i» 
Biniment,  {which,  however,  the  preceding  method  di* 
peiises  wilh)  it  would  have  been  laid  down  on  the  papet 
by  a  "  protractor,"  the  most  usual  form  of  which  i 
Birall  brass  semicircle,  divided  into  degrees  similar  tl 
those  on  the  instrument. 

Upon  the  plot,  it  is  usual  to  represent  the  hills  and  vafc 
leys  in  the  vicinity  of  the  line  ;  but  since  ihey  are  supposed 
to  be  seen  horizontally  projected  in  a  "map-view,"  as  iho 
would  appear  to  an  eye  looking  down  upon  them  from  a 
infinite  height,  ihey  cannot  be  drawn  with  the  rises  and  iafk 
of  the  front  view  in  winch  we  usually  see  them,  butmuB 
he  represented  by  some  artificial  and  conventional  method 
They  are  accordingly  supposed  to  be  cut  by  a  number  ot 
eiguidistant  horizontal  planes,  and  the  horizontal  "  c 
curves"  of  intersection  to  be  drawn  upon  the  map,  ihe  in 
lervals  between  them  being  filled  up  by  short  haichinj 
perpendicular  to  the  curves.*  Hills,  represented  on  the! 
principles,  are  indicated  by  numerous  diverging  linM 
shorter,  nearer,  and  heavier,  in  proportion  as  the  hill  t 
Btecper,  and  vice  versa.  See  the  e.\amples  on  pages  83-1 

Ail  water-courses  must  also  be  carefully  represented  0 
the  plot;  and  the  nature  of  the  surface,  whether  pasturi 
ploughed  land,  swamp,  woods,  &c,,  together  wilh  the  d 
lached  objects  upon  it,  such  as  houses,  mills,  churcba 
&c.,  be  indicated  by  ceriain  arbitrary  signs.  For  1 
purposes  they  are  not  necessary,  hut  may  be  fouad,  i 
desired,  in  any  topographical  manual. 
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THE    PROFILE    OF    A    LINE. 

This  represents,  to  any  desired  scale,  the  heights  and 
distatices  of  tlie  various  points  of  a  line,  piojected  on  a 
vertical  plane.  It  thus  gives  a  "  side-view"  of  its  ascent:! 
and  descents.  Any  point  on  the  paper  being  assumed  for 
the  first  station,  a  horizontal  line  is  drawn  through  it ;  the 
distance  to  the  next  station  is  measured  along  it  to  the 
required  scale ;  at  the  termination  of  this  distance  a  verti*. 
cal  line  is  drawn  ;  and  the  given  height  of  the  second  sta- 
tion above  or  below  the  first  is  set  off  on  this  vertical  line. 
The  point  thus  fixed  determines  the  second  station,  and  a 
line  joining  it  to  the  first  station  represents  the  slope  of 
the  ground  between  the  two.  The  process  is  repeated 
for  the  next  station,  &c. 

But  the  rises  and  falls  of  a  line  are  always  very  small 
in  proportion  to  the  distances  passed  over ;  even  moun- 
tains being  merely  as  the  roughnesses  of  the  rind  of  an 
orange.  If  the  distances  and  the  heights  were  represent 
ed  on  a  profile  to  the  same  scale,  the  latter  would  be 
hardly  visible.  To  make  them  more  apparent  it  is  usual 
to  "  exaggerate  the  vertical  scale"  tenfold,  or  more,  i,  e., 
to  make  the  representation  of  a  foot  of  height  ten  times  as 
great  as  that  of  a  foot  of  length.  Take,  for  instance,  the 
example  on  page  98.  Let  one  inch  represent  one  hun- 
dred feet  for  the  distances,  and  ten  feet  for  the  heights. 
.  From  A  draw  a  horizontal  line.  Measure  on  it  one 
inch,  representing  one  hundred  feet  of  length.  Thence 
draw  downwards  a  vertical  line.  Measure  on  it  four-tenths 
of  an  inch,  representing  four  feet  of  height.  This  fixes  the 
point  B.  Join  A  to  B.  This  line  AB  represents  the 
dope  of  the  ground.  Next,  along  the  horizontal  line, 
measore  six-tenths  of  an  inch  farther,  repre^nting  sixty  feet 
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Fig,  45. 


(if  length.     Measure  on  a  vertical  line  thence  drawn,  five- 
tenths  of  an  inch,  representing  five  feel  of  height.     Thi 
fixes  C.     Join  C  to  B.     Proceed  in  like  manner  for 
the  levels. 

The  distances  may  be  written  horizonlally  in  their  ap^' 
propriate  places,  and  the  heights  or  depths  of  the  grouni 
(above  or  below  the  datum  line)  vertically,  along  lliH; 
lines  wliich  represent  them,  as  in  the  figure. 

5.   ESTABLISHING  THE   GRADKS. 

The  qraiie  of  a  line  ia  Its  longitudinul  slope,  and  i 
designated  by  the  mtio  between  its  length  and  the  dij 
ference  of  height  of  its  two  estremitieB.  The  ratio  c 
these  two  quantities  gives  it  its  name,  as  we  have  seepj 
the  road  being  suid  lo  have  a  grade  of  one  in  thirty  whei 
it  rises  or  falls  one  foot  in  each  thirty  feet  of  lengtb 
When  ihe  "profile"  of  a  proposed  route  has  been  made, 
a  "grade-line"  is  drawn  upon  it  (usually  in  red)  in 

r  as  lo  follow  its  general  slope,  but  lo  average  ilf 


irregular  elevations  and  depressions,  as  in  the  figure, 
ratio  between  the  whole  distance  and  the  height  ift^ 
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)e  calcitlaled.  Tf,  as  in  the  figure,  it  rise  100  in  4000,  the 
^rade  is  one  in  forty,  ftatler  than  our  assumed  Umit  of  one 
II)  thirty,  and  the  line  will  be  a  satisfactory  one,  if  on  oalr 
culation  it  be  found  that  the  cuttings  about  equal  tlie  fill- 
ings. If  either  be  much  in  excess,  the  grade  is  altered  to 
equalize  them,  ae  will  be  explained  under  the  next  head. 
But  if  the  grade  be  found  sleeper  than  the  Hmil,  as  when 
it  ascends  the  face  of  a  hill  with  a  rise  of  lOO  feet  in 
1500,  or  a  slope  of  one  in  fifteen,  either  the  hill  must  be 
cut  down,  or,  which  is  generally  preferable,  the  length  of 
the  liiie  must  be  increased  so  as  to  equal  100  ^  30  =  3000. 
The  best  method  of  obtaining  this  increased  length,  ur 
"development,"  (whether  by  a  zigzag  or  by  a  single 
oblique  line)  will  depend  upon  the  manner  in  which  the 
line  meets  the  face  of  the  hill,  whether  at  right  angles  oi 
obliquely,  and  should  be  determined  by  geometric  con- 
atnictions  upon  the  plot,  such  as  those  which  follow 
modified  if  necessary  by  the  features  of  the  ground. 

Problem.   To  fix  the  poaition  of  a  line  joining'  two  giver 

points,  BO   thai  it  shall  ascend   with   a  given  grade  a  slops 

Mceper  than  this  grade,  and  shall  also  be  the  shortest  possible 

line  which  will  fulfil  this  condilinn,* 

Case  I.  When  the  straight  line  joining  the  two  points  meef  < 

the  slope  at  right  angles. 

Fi^.  47. 


l^t  A  unil  I!  he  ihn  pUen  points. and  lei  the  top  and  batum 
ini-9  <jl  itiu  slope  to  lie  asf^ended  be  cnnsidered  parallrl.    Lft 
III  ivy  t'senl  the  length  which  the  ruad  up  ihe  hill  musl  hai' 
II  a>i'>'[id  with  tlie  proper  grude.     Join  the  given  points 
trui>;iit  line,  and  between  the  puints  C  a.nd  D,  al  which  tha 
iiH'  [iiecis  llie  top  and  bottom  line,  establish  a  slgsag, 
ijtlicicnt  number  of  turns  lo  iiiiLke  its  eiitito  length  equ: 
iJi,  tho  "  development'' required  ;  «liich   in  the  instance 
iip[H>scd  would  be  3000  feet,  the  straight  line  CD  being 


Thfj  rond  which  ascends  the  Catskill  mountain  makes  sevin 
such  7,iL"/,:ig"  or  tacks.  Their  angles  should  lie  rounded  off  bj 
curves.  ;i>  cxphiineJ  in  a  following  article  on  "  Final  Location." 
.\I  th>'>i'  curves  the  width  of  the  road  should  be  increased, as 
dH<'.-tr.l  on  [laLie  46. 

Case  2.  When  the  straight  lint  meets  the  slope  ohliquils, 
and  the  two  given  points  are  very  distant  from  each  other. 


Le  Between  the  Inp  and 
bo  m  nm  at  such  a  degree  of 
b  g  to  the  development  re- 
q  ed,  is  3000  fcei.  The 
straight  line  AB  would  be  too  ateep  between  C  and  R.  There- 
fore from  the  point  C  draw  a  line  CD,  parallel  and  therefore 
equal  to  mn  Join  DB.  and  the  line  ACDB  wtl)  be  the  one 
desJKd 


ESTABLtSIIINCl    TUB    CRADES.  107 

&  sigEBg  between  C  and  E  would  ([irs  a  longer  line ;  for. 
ooroparing  ihe  p;iiu  of  tbe  line  the*  obtained  with  IhoM  of  the 
other,  we  End  AC  coninion  lu  both;  the  sigiag  CE  equal  (c 
CD  by  cDDBtruction ;  and  £B  longer  than  DB,  becauM  farther 
from  the  perpendicular. 

The  construcliuo  aboTe  directed  is  merely  approximately 
true,  becoming  perfectly  ao  only  when  the  point*  A  and  B  are 
infinitely  diaiant  from  each  other.  The  attict  conMruction  is 
thai  which  rullowa. 

Casei.  When  Ike  ilrmight line mtett  thtaUpt  oblifii«lif,anil 
the  tvo  given  paitUt  are  near  each  other. 

From  the  girea  points  A  and  B  draw  perpendiculara  to  the 
nearest  edges  uf  the  slope.     The  line  joining  the  feet  of  these 

peipendiculars  will  be  leu  than,  equal  to,  nt  greater  than,  the 
developed  line  mn,  according  to  the  steepness  of  the  alop<'i 
and  the  degree  of  iibllquitj  with  which  it  ia  met  by  the  atraight 
line  which  joins  the  given  points.  Three  aub-casea,  requiring 
different  cooatructions,  are  thus  formed. 

Sub-eate  1.  When  the  line  Joining  the  ferpendk^ar*  f 
ihorter  lion  the  developed  IiTie  mn. 


Knoi  A  and  U  draw  AC  and  BD  perpendicnlar  to  the  odgee 
of  llw  alope.  Join  C  and  D  by  a  aigiag  lioe,  equal  in  length 
to  iIm  4e«aIoped  liiM  dm.     Then  will  tbe  line  thna  abte>m>4 
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Fulfil  \he  rnn.liijims  required  ;  ihe  length  of  ihe  ligiigbeioj 
•ijual  [i>  lite  necessary  length  mn,  and  the  tines  AC  and  BU 
x'lnj:  perpendicular  lo  the  lop  and  battom  of  the  hill,  andihere- 


■case  2.   When  the  It. 
0  the  develiiped  line  a 


ning   the  perpendicular! 


Drnu- the  [ifr]  en  <ii  iilirs  KC  and  BD,  as  before,  and  pin 
Iheir  feel  l.v  Mie  line  (  D  Then  will  the  line  ACDB  be 
eliorter  thun  my  "iliLt  line,  (as  AC'D'B,  obtained  by  the  con- 
Klruclion  of  ('asp  2)  for  AC  and  BD,  being  perpendiculars,  are 
ihe  shotlesl  jHis^ihle,  and  CD  has  a  constant  length,  wherever 
It  may  be  plained. 

A  zigiag  line  from  C  to  E  wuuld  not  produce  ihe  shotiesi 
line,  for  the  same  reasons  as  in  Case  2. 

Siih-canc  3.  When  the  line  joining  the  perpendiculars  ii 
longer  than  the  dcoehped  line  mn. 

From  A,Fig.  51,  draw  AE  parallel  and  equal  tomn.  Join  EB. 
Prom  the  point  D  (where  this  line  inlersects  the  edge  of  the 
slope)  draw  DC  parallel  and  equal  to  AE.  Join  CA.  Then 
will  ACDB  he  the  shortest  line  required. 

KoT,  AE,  being  equal  to  mn,  cannot  be  shortened,  and  EB 
is  ■  straight  line,  and  therefore  the  shortest  possihtc  line,  an  il 
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coneequentl;  the  whole  line  AEDB.     But  this  line  is  in  the 

wrong  place,  and  its  parts  require  to  be  transported  parallel  to 
themaelves.  By  this  operation  is  formed  Che  line  ACDB, 
which  has  all  its  parts  equal  to  those  uf  the  former  line,  and 
which  is  therefore  the  shortest  possible. 

It  might  seem  preferable  to  adopt  the  direct  tine  AB,  and  to 
ascend  the  hill  by  a  zigzag  from  F  to  G  ;  but  this  would  not 
give  the  shortest  line ;  for  AF  and  GB  are  longer  respectively 
than  AC  and  DB,  because  farther  from  the  perpendiculars. 

When  the  lines  AC  and  DB,  obtained  b;  (he  construction 
above  directed,  fall  beyond  the  perpendiculars  let  fall  from  A 
and  B  upon  the  top  and  bottom  of  the  slope,  this  result  shows 
that  this  construction  is  inapplicable,  and  thai  the  case  is  one 
in  which  it  is  proper  to  adopt  the  perpendiculars,  and  to  join 
them  by  a  zigzag  of  the  proper  length. 

Catt  4.  When  lino  neighboring  slopes  are  separated  by  a 
level  space ;  whether  a  valley,  or  a  table-land  on  the  ridge  of 
a  hill. 

Between  the  top  and  bottom  lines  of  one  slope  draw  the  line 
mn,  equal  in  length  to  the  developed  line  with  which  that  slope 
DtDEt  be  crossed;  and  in  like  manner  on  the  second  slope,  draw 

Then  from  A  draw  AE,  parallel  and  equal  to  mn.  From  E 
drairKF  parallel  and  eqnal  to  pf.    JoiaFB.    Tbn  line  AEPB 
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U  il,"  slioriPst  line  [inssiMe,  f.T  tlie  same  reasons  as  was  AF.B 
in  llip  iirfcpilin;;  siil>-case  3.  But  ils  parls  requite  tn  be  difler- 
cnilv  :irniii^e<l  uitlioiit  cli^inging  Llieir  length,  wliinh  tsetTecic'l 

lliii=-     Fr H  draw  HU  parallel  and  equal  to  FE,     From  G 

ilraw  CD  parallel  lo  HF,  anJ  tofiniiialing  at  the  edge  of  ibe 
UfU  sli'pe.  Frnni  D  draw  DC  parallel  and  equal  lo  EA.  Juip 
f:A  Uy  a  line  which  will  be  parallel  lo  FH.  Tbia  new  line 
ACDIJins  is  cpial  to  the  former  line  AEFB,  and  therefore  i? 
the  BJuiriesi  line  requireil. 

If  the  space  between  the  two  slopes  was  a  valley,  in  which, 

there  was  a  given  point  to  be  passed  through,  as  %  bridgi?,  the 

problem  would  divide  itself  into  two  others,  such  as  have  been 

solved  in  the  preceding  cases. 

Grades  may   be    approximately   e^iimated   upon   ihe 

gnmnci,  (ivilhout  measuring  dislances  and  heights)  by  a 

slight  addition  to  the  "  plumb-line  level,"  described  on  page 

93.     Connect  the  horizontal  and  verlical  bars  by  oblique 

braces.      To  prepare  it  for  use,  depress  or  elevate  the 

sights,  Bc  Uiat  tlieir  line  coincides  with  an  ascent  or  de 
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scent  of  one  in  ihirty,  or  any  oilier  grade  previously  estab 
lislied  by  levelling.  Mark  the  point  at  which  the  plumb- 
line  now  cuts  the  oblique  braces.  Do  the  s^tme  for  othei 
grades,  the  more  varied  the  better,  and  the  instrument 
will  thus  become  a  clinometer,  or  grade-measurer.  When 
it  is  placed  upon  any  slope,  and  its  sights  directed  to  any 
object  (such  as  a  target  on  a  rod,  or  a  paper  in  a  cleft 
stick)  at  the  same  height  above  the  surface  as  its  upper 
edge,  that  division  on  the  brace  which  is  cut  by  the  plumb- 
line  will  indicate  the  inclination  of  the  slope.  The  A  level 
described  on  page  94,  may  be  used  in  a  similar  manuur,  a 
scale  having  been  in  the  same  way  formed  on  ilie  bar  D£. 
An  extempore  chnometer  may  be  made  with  a  sheet  of 
paper,  a  thread,  and  a  pebble.  ^'g-  53. 

Take  a  sheet  of  paper  of  any  ^^ 
shape,  double  it,  and  a  straight 
line  is  formed;  double  it  again 
along  the  straight  line,  and 
four  right  angles  are  obtained. 
Cut  out  one  of  the  right  an- 
gles, and  double  it  so  as  to 
bring  the  sides  of  the  right 
angle  together,  and  it  will  be 
bisected,forming  two  angles  of 
45°.  Fold  this  in  three  equal  parts,  and  angles 
will  be  formed ;  repeal  the  last  operaiions,  and  a 
5"  will  be  obtained.  The  subdivision  may  be  carried  as 
far  as  desired.  To  use  the  instrument,  form  a  plumb-line 
by  tying  a  pebble  to  the  end  of  a  thread,  and  attacli  it  til 
the  centre  of  the  angles.  Holding  the  right  angle  to  the 
eye,  if  the  grade  be  descending,  or  the  opposite  corner  if 
it  be  ascending,  turn  the  paper  till  iu  edge  is  in  the  line 
whicb  pasKS  from  the  eye  to  some  object  at  the  samo 
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height  above  tlie  surface.  Thi.  plumb-line  will  llien  indi' 
cale  tbe  angle  of  ihe  slope.  In  the  figure  it  strikes  5° 
equivalent,  by  llie  table  on  page  44,  to  1  in  11. 


AND  EMBAHKMEMT 

Tlie  proper  grade-line  having  been  thus  determined, 
and  drawn  on  the  profile,  (which  shows  the  heights  of  [he 
ground  over  which  the  line  passes)  the  difference  between 
llie  height  of  the  ground  and  that  of  the  grade-line  at  any 
point,  wilt  of  course  represent  ihe  depth  of  cutting,  (or 
cavation)  or  the  height  of  filling  (or  embankment)  as  llif 
case  may  be,  at  that  point.  This  depth,  or  heighl,  in 
feel  and  decimal  parts  of  a  foot,  should  be  written  in  red 
figures  {cotes  rouges)  at  the  proper  points  of  [he  profili 
With  these,  knowing  also  the  intended  width  of  the  road 
and  the  incliiitttion  of  the  side-slopes,  the  cubical  conlents 
of  the  excavations  and  embankinents,  or  the  amount  of 
"  earlh-work,"  may  be  accurately  calculated. 

The  cost  of  the  road  will  depend  in  a  great  degree 
upon  the  quantity  of  the  "  eartb-work"  to  be  done,  and 
may  be  greaiiy  lessened  by  makiiig  the  amount  of  exca- 
vation precisely  equal  to  thai  of  embankment,  BO  that 
what  is  dug  out  of  the  bills  may  just  suffice  to  fill  up  the 
hollows,  ll  is  therefore  very  important  for  economy  to 
caicuiate  these  amounts  with  accuracy  before  the  final 
location  of  the  line,  so  that  if  ihey  are  found  to  be  unequal, 
the  position  and  grades  of  tlie  line  may  be  changed  to 
produce  the  equably  desired. 

This  accurate  calculatinn  is  necessary,  after  the  fitial' 
location,  for  another  reason  ;  inasmuch  as  the  contractors, 
who  usually  perform  the  work,  are  paid,  not  by  the  day, 
nor  in  tlie  lump,  but  by  a  certain  price  per  cubic  yard,  thf 
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exact  determination  of  the  number  of  which  is  therefore 
required  lo  ascertain  their  just  dues. 

PRELIMINARY  ARRANGEMENTS. 

For  calculating  the  cubical  contents  of  the  solid  mass 
of  earth  cut  out  or  filled  in,  four  different  methods  are  in 
common  use.  All  four,  however,  require  the  same  pre- 
liminary arrangements  and  preparations,  which  will  there- 
fore be  now  given. 

Figure  54  is  a  plan  (on  a  scale  of  800  feet  to  the  inch) 
and  figure  55  a  profile  (on  a  vertical  scale  of  80  feet  to 
the  inch)  of  an  old  line  of  road,  which  it  is  desired  to  im- 
prove by  cutting  down  the  hill  and  filling  up  the  hollow, 
so  as  to  form  a  single  slope,  with  a  uniform  grade,  from 
A  to  B.*  The  distances  between  the  stations  are  written 
horizontally ;  the  heights  of  the  ground  above  the  datum 
line  are  written  along  the  vertical  lines  which  represent 
them ;  and  at  the  extremities  of  these  vertical  lines  are 
placed  the  numbers  which  represent  the  depths  of  cutting 
or  filling  at  those  points,  and  which  are  equal  to  the  dif- 
ferences between  the  heights  of  the  ground  and  of  the 
"  grade-line,"  or  new  road 

8ECTI0-PLAN0GRAPHY. 

A  method  of  representing  the  cuttings  and  fillings  upon 

the  plan,  devised  by  Sir  John  Macneill,  has  been  named 

*  Sectio-planographyr     Usually  the  plan  and  the  profile 

are  drawn  separately,  and  when  the  former  varies  much 

from  a  straight  line,   it  is   difficult  for  an  unpractised 


*  Wixasm  no  Levelling,  Am.  edition,  p.  81 
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Fig.  55. 
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eye  to  discover  the  corresponding  points 
of  the  plan  and  profile ;  as  the  latter 
is  formed  by  placing  all  the  distances 
along  a  straight  base  line,  and  therefore 
fills  a  longer  space  than  the  winding  plan  ; 
and  as  the  two  are  also  frequently  drawn 
far  apart,  or  even  on  different  sheets. 
In  the  improved  method,  the  depths  of 
cutting  and  of  filling  at  each  station  are 
set  off  on  one  side  or  the  other  of  the 
plan  of  the  line,  as  laid  down  upon  the 
map,  so  that  all  the  information  desired, 
with  regard  to  any  portion  of  the  line, 
may  be  found  on  that  very  spot.  The 
accompanying  figure  shows  its  applica- 
tion to  the  preceding  example,  the  "  plan" 
of  which  has  been  intentionally  made 
very  winding. 

To  make  the  distinction  more  striking, 
the  cuttings  may  be  shaded  with  lines 
perpendicular  to  the  line  of  the  road,  and 
the  fillings  with  lines  parallel  to  it ;  or 
the  former  may  be  colored  red,  and  the 
latter  blue  * 
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The  data  of  the  profile,  with  those 
deduced  therefrom,  should  be  presented 
in  a  tabular  form,  such  as  that  which  fol- 
lows, and  which  refers  to  figure  55. 


*  See  Siinms  on  Sectio-PIano^aphy. 
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Tlie  fir.sl  cdhitnii  coiiiaiiis  ilic  number  of  the  station,  w 
jiDJiil,   lln'  liciu'lil  of  wliir.li  aliove  the  datum  line  is  con-  ■ 
liiined  in  tlic  l/iird  colniim.     Tlie  second  column  records 
the  dislaiicos  bctweoii  the  siiilions. 

The  fiinrlli  culiiiiin  shows  the  rise  or  fall  of  grade  for 
e.ich  disf;nicc.  ohliiined  hy  :i  simple  (iroportion,  the  whole 
dis1aii<;e  and  difference  of  height  being  known.  Thus. 
4-219:  5fil  :  :  36:4.8. 

TUe  Jif/h  column  shows  llie  height  of  the  grade  line, 
i.  e.  of  the  road  as  improved,  above  the  datum  line  at  each 
station.  The  numbers  in  it  arc  obtained  by  subtracting 
siiccessivoly  the  fall  between  two  stations,  as  recorded  in 
tlie  fourili  coKimn,  from  the  height  of  the  grade  line  at  the 
preceding  station.     Thus,  46—4.8  =  41.2. 

The  sii^th  and  scvvnth  columns  show  the  deplhs  of  cut- 
ting or  filling  at  any  station.  They  are  the  difTerences 
between  the  lieight  (from  column  3)  of  the  ground  at  any 
station,  and  tlie  height  of  tlie  grade-hne  (from  column  5) 
for  the  same  slalion. 

Tiie  station  (No.  4)  at  which  the  cutting  ends,  and  tlw 
filling  begins,  is  called  a  "  Point  of  Passage." 
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Willi  these  data  the  calculation  may  be  cummenced, 
and  the  end  areas — or  middle  areas,  or  both,  according 
to  the  method  adopted — be  sought,  and  the  cubical  con- 
tents thence  deduced.  The  details  of  these  calculations 
nre  of  great  importance  to  the  practical  engineer,  but  oc- 
cupy so  much  space,  that  they  have  been  transferred  to 
the  Appendix.     The  following  are  their  results. 

*'  Averaging  end  areas^'*  is  the  most  usual  method  of 
calculation  in  this  country,  but  gives  a  result  which  al- 
ways exceeds  the  correct  amount,  in  a  greater  or  less  de 
gree,  according  to  the  inequality  of  the  end  areas.  In  the 
present  example,  its  error  in  excess  is  10,000  cubic  yards, 
which  amount,  beyond  what  was  justly  due  for  the  work 
done,  would  be  paid  by  a  company  or  town  by  which 
this  improvement  should  be  made,  if  their  engineers 
should  adopt  this  method  of  calculation. 

The  calculation  by  ^'Middle  areas*''  gives  an  amount 
\s\\ic\\  fails  short  of  the  true  one,  by  a  deficiency  equal  to 
exactly  half  of  the  excess  of  the  preceding  method. 

**  The  Prismoidal  formula!''  alone  gives  the  correct 
amount ;  which,  in  this  example,  is  2,200,968  cubic  feet 
of  excavation,  and  1,541,152  of  embankment. 

The  fourth  method,  by  "  Mean  Proportionals,^''  gives 
a  result  always  less  than  the  true  one,  and  exceedingly 
erroneous  when  one  of  the  end  areas  is  nothing. 

The  substitution  of  the  correct  Prismoidal  method  for 
(he  erroneous  ones  which  are  so  frequently  employed,  is 
demanded  by  every  consideration  of  accuracy,  economy, 
honesty,  and  justice  ;  and  the  full  calculations  in  the  Ap 
pendix  show  that  the  additional  labor  required  is  too  tri- 
fling to  be  a  reasonable  obstacle. 
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When  I  lie  quanlity  of  excavation  on  any  given  portion 
of  the  road  exceeds  that  of  the  embankment,  the  excess 
IS  railed  "  Surp/uSy^^  and  must  be  deposited,  upon  the 
adioinini^r  land,  in  masses  called  '*  Spoil-banks.^^ 

Whei)  ilie  excavalion  is  insufficient  to  make  the  em 
haiikiiieiil,  ihe  deficiency  is  called  '^Wantage,^^  and  musl 
he  siipplud  from  extra  **  Side-cuttings*'^  in  the  neighbor 
inir  fields. 

H(»lli  these  eases  are  expensive  and  otherwise  objection 
,'il)le  ;  it  is  therefore  very  desirable  to  make  the  excavation 
and  tMiil)aid\inent  ''balance"  each  other,  so  that  the  earlh 
(\u'^  out  may  just  suffice  to  fill  up  the  hollows.  If  the 
calcuhilioiis  show  much  di^parity  in  the  two  amounts,  the 
loeaiion  of  the  line  must  be  changed  in  some  way,  so  as 
1.0  eilecl  ihe  desired  equality. 

This  equahzaiion  must,  however,  be  restrained  within 
certain  hmils  ;  for  it  should  evidently  be  abandoned,  when, 
Ml  order  to  find  sufficient  excavation  to  make  the  embank 
ment,  it  would  be  necessary  to  go  to  such  a  distance  thai 
the  cost  of  transport  would  exceed  the  cost  of  making 
side-cuttings  for  the  embankment,  and  of  depositing  the 
distant  excavation  in  spoil-banks.  The  comparison  ot 
the  price  of  transport  with  that  of  excavation  and  of  land, 
will  therefore  determine  the  distance  within  which  the 
balanciniT  must  be  established. 


o 


SHRINKAGE. 


The  equality  recommended  must  be  taken  with  an  im 
portant  qualification,   dependent  on   the   fact  that  earth 
transferred  from  excavation  to  embankment  shrinks,  or  ia 
compressed,  so  as  to  occupy,  on  the   average,  one-tenth 
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less  s]»ace  in  bank  than  it  did  in  its  natural  state,  100  cu- 
bic yards  **  shrinking"  into  90. 

Rock,  on  the  contrary,  occupies  more  space  when  bro- 
ken, its  bulk  increasing  by  about  one-half. 

In  experiments  made  on  a  large  scale,  by  Ellwood 
Morris,  C.  E.,*  the  shrinkage  of  light  sandy  earth  was 
^  of  its  volume  in  excavation ;  of  yellow  clayey  earth 
yV ;  and  of  gravelly  earth  j\.  The  increase  of  hard 
sandstone  rock,  quarried  in  large  fragments,  was  y^  of  its 
volume  in  excavation  ;  and  of  blue  slate-rock,  broken  into 
small  fragments,  y^^^. 

Upon  some  of  the  public  works  of  the  state  of  New 
York,  the  usual  allowance  has  been  for  the  shrinkage  of 
gravel  and  sand  8  percent.;  for  clay  10  per  cent.;  for 
loam  12  per  cent. ;  for  mucking,  or  surface  soil,  15  per 
cent. ;  and  for  clay  "  puddled"  25  per  cent.  The  in- 
crease of  bulk  of  rock  was  taken  at  one-third,  or  some- 
limes  at  one-half;  though  some  experiments  showed  that 
one  yard  of  slate-rock  made  from  1.75  to  1.8  cubic  yards 
of  embankment. 

These  considerations  lead  us  to  modify  the  require- 
ments of  equality  in  the  excavations  and  embankments, 
and  to  adjust  them  so  that  the  former  shall  exceed  the  lat- 
ter by  about  10  per  cent.    ' 

CHANGE    OF    GRADE. 

We  will  now  take  up  the  example  on  page  114,  in 
which  we  find  the  excess  of  the  excavation  over  the  em- 
bankment, or  its  **  surplus,"  (according  to  the  correct  cal- 
culation, of  which  he  result  is  given,  on  page  117)  to  be 
659,816  cubic  feet.   We  must  therefore  change  the  grade, 
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SO  as  lo  lessen  the  excavation,  and  increase  the  embank- 
ment, lill  the  former  exceeds  the  latter  by  only  one-tenth(3 
ilseir.  Tlic  grade  hne  AB  (figure  oo)  mighl  be  raised  either 
at  A  or  at  B.  The  latter  is  preferable,  since  it  will  increase 
ihe  getitleiiess  of  the  slope.  The  height  which  it  should 
l)C  raised  at  B  might  be  calculated  in  advance,  but  the 
r()m})Heation  of  the  resulting  formula  is  so  great,  that  it 
will  be  better  to  assu?/ie  some  height,  (which  an  expe- 
rienced eye  can  do  with  considerable  accuracy)  and  hav- 
ing found,  by  a  simple  proportion,  the  changes  in  the  cut- 
linirs  and  fillings  at  each  station,  to  recalculate  the  whole 
<  iibic  contents.  If  the  desired  difference  has  not  been 
attained  in  the  result,  it  will  at  least  be  a  guide  by  which 
a  second  assumption  can  be  made  with  a  very  close  ap- 
proximation to  precision. 

C^iiisider  the  grade  to  be  raised  three  feet  at  station  7.  A 
proportion  between  the  sum  of  the  distances  from  station  1  to 
7,  and  that  to  any  other  station,  will  give  the  change  of  cuttinjj 
or  filling  at  that  station. 


For  station  2, 

4219  :  561  : 

:  3  :  0.4 

((    « 

3, 

4219  :  I4I9  : 

:  3  :  1.0 

((    (( 

4, 

4219  :  2244  : 

:  3  :  1.6 

((    (( 

5, 

4219  :  3064  : 

:  3  :  2.2 

«    (( 

6, 

4219  :  3889  : 

:  3  :  2.8 

The  place  of  station  4,  i.  e.  the  "  Point  of  passage,"  is 
changed  by  the  elevation  of  the  grade  line  AB,  and  removed 
towards  station  3,  to  some  new  station  4' ;  see  Fig.  57.  A 
problem  here  presents  itself,  to  find  the  distance  between  the  old 
and  new  points  of  passage,  knowing  tlie  slope  of  the  grade  and 
that  of  the  ground.  Call  the  former  m  to  I,  and  the  latter 
?.  to  1.  Let  the  elevation  of  the  new  grade  line  above  the  olc 
point  of  passage  =  h  feet ;  and  the  distance  required  =  d. 

An  inspection  of  the  figure  shows  that  the  heights  of  the 
two  right-anijled  triangles,  whose  bases  are  d,  are  respectively 
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rig*  57. 


d         d                                           H       d 
—  and  — .     It  is  also  evident  that  -  = h  A ;  whence  is  ob- 
is        m                                          n      m 

tained  the  general  formula, 

d=^h 


mn 


m 


n 


in  the  present  case  (see  table  on  page  1 16)  m  = 


4219 
36-3 


=  128, 


825 


n  = 


128  X  31 
=  31 ;  and  rf  =  1.6  X  t^ht — =r  =  65. 


53.9  —  26.9  ' 128  —  31 

The  new  station  4'  is  therefore  distant  from  station  3, 

825  —  65  =  760  feet,  and  from  station  5,  820  +  65  =  885  feet. 

Adopting  these  new  distances,  and  changing  the  cuttings  and 

fillings  in  accordance  with  the  elevations  of  grade  obtained  by 

the  proportions  on  the  preceding  page,  they  will  stand  thui< : 


Station. 

Distance. 

Elevation 
of  grade. 

New  Cut. 

New  Fili. 

1 

0.0 

0 

2 

561 

0.4 

17.6 

3 

858 

1.0 

19.0 

4' 

760 

1.6 

0 

0 

5 

885 

2.2 

21.2 

G 

825 

2.8 

10.8 

7 

330 

3.0 

3.0 

The  calculatious  being  repeated  with  these  data,  it  will  be 
$omui  that  the  excavation  will  amount  to  2,048,000  cubic  fbr' 
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And  the  embankment  to  1,980,000:  an  apparent  surplas  of 
f^,000  cubic  feet ;  but  since,  in  order  tu  allow  for  the  shrink 
age,  there  should  be  an  exceas  of  205,000,  it  appears  that  there 
18  really  a  Wantage^  and  that  the  grade  has  been  raised  too 
much  ;  so  that  an  elevation  uf  only  2|  feet  at  B  woald  probably 
produce  the  desired  balance. 


TRANSVERSE    BALANCING. 


When  the  road  lies  along  ihe  side  of  a  slope,  so  that  il 
is  partly  in  excavation  and  partly  in  einbanknnent,  it  is  ne- 


Fig.  58. 


cessary  so  to  place  its  centre  line,  that  these  two  parts  of 
lis  cross-section  may  balance.  When  the  ground  has  a 
uniform  slope,  the  desired  end  would  be  obtained  (if  the 
side  slopes  were  the  same  for  excavation  and  embank- 
ment, and  if  no  **  shrinkage"  existed)  by  locating  the  cen- 
tre line  of  the  road  on  the  surface  of  the  ground.  In  otliei 
cases,  as  when  the  side  of  the  excavation  slopes  1  to  1, 
and  that  of  the  embankment  2  to  1,  a  formula  to  determine 
the  position  of  the  centre  line  of  the  road  may  be  readily 
established. 

If  earth  be  wanted  for  a  neighboring  embankment,  the 
amount  of  excavation  may  be  easily  increased  by  moving 
the  road  farther  into  the  hill,  with  the  additional  advantage 
of  lessening  its  liability  to  slip.     The  line  mav  be  thus 
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changed  on  the  map,  according  to  the  notes  of  cross- 
sections  in  the  level  book,  and  be  subsequently  moved,  by 
a  corresponding  quantity,  on  the  ground. 

When  the  slope  of  the  ground  is  very  steep,  the  trans- 
verse balancing  must  be  disregarded,  and  the  road  made 
chiefly  in  excavation,  to  avoid  the  insecurity  of  a  high 
embankment,  as  will  be  explained  under  "  Construction.'' 


DISTANCES    OF   TRANSPORT. 


The  equality  of  the  masses  of  excavation  and  embank| 
iTient  is  not  the  only  consideration.  The  distances  tc 
which  it  is  necessary  to  transport  the  earth  which  is 
moved,  must  also  be  taken  into  the  account.  Suppose 
that  a  mass  of  earth,  whose  surface  is  ABCD,  is  to  be 

Fig.  59 


!  li 


ITT 


!|l 


m 


'111 

I 


H  G 

removed  to  the  embankment  whose  surface  is  EFGH,  and 
which  has  a  thickness  sufficient  to  make  the  two  masses 
equal.  The  mean  distance  of  the  transport  is  required. 
Conceive  the  mass  ABCD  divided  into  a  very  great  num- 
ber of  smaller  masses.  The  sum  of  the  products  of  these 
portions,  by  the  distance  which  each  of  them  is  actually 
nioTcd,  will  equal  the  product  of  the  sum  of  the  portions 
(?.  e.  of  the  whole  mass)  uy  the  mean  distance.  The 
mean  distance  therefore  equals  the  above  sum  of  products 
divided  by  the  whole  mass.* 

In  such  cases  as  usually  occur  on  a  road,  in  which  the 


»  Gayffier  p.  122. 
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rubes  of  excavation  and  embankment  are  comprised  be- 
I  wren  two  parallel  planes,  whose  horizontal  traces  an 
AHKF  and  DCHG,  and  in  which  sections  made  by  other 
planes,  parallel  lo  the  first,  cut  off  equal  partial  volumes, we 
know,  from  the  principles  of  mechanics,  that  the  mean 
distance  desired  is  equal  to  the  distance  of  the  centres  of 
gravity  of  the  two  volumes.  In  the  simple  example  above, 
the  mean  distance  of  transport  would  be  the  distance  be 
tween  tlic  centres  of  the  two  rectangles. 

I'lie  methods  of  apportioning  the  excavations  among 
different  embankments,  which  ought  to  be  adopted  in  more 
complicated  cases  of  various  distances  of  transport,  in 
order  to  attain  the  minimum  of  labor  and  expense,  will  be 
considered  in  the  next  chapter,  which  treats  of  actual 
**  r.unstruction." 


7.  ESTIMATE  OF  THE  OOST  OP  A  ROAD. 

A  minute  and  careful  estimate  of  every  possible  source 
of  expense  in  the  construction  of  a  road,  is  a  very  impor- 
tant element  in  determining  its  location.  The  principal 
items  are  the  Earthwork,  Land,  Mechanical  structures. 
Engineering,  and  Contingencies. 

EARTHWORK. 

The  amount  of  "  Earthwork,"  or  excavation  and  em- 
bankment, is  supposed  to  have  been  determined  by  the 
preceding  calculations.  Its  cost  per  cubic  yard  depends 
on  the  wages  of  labor,  the  quality  of  the  earth,  and  the 
distance  over  which  it  is  moved. 

Wages.  The  daily  wages  of  an  ordinary  laboring  man 
vary. of  course  with  the  locality  and  the  season,  and  range 
from  50  cents  to  $1  25.     In  making  the  estimate,  it  must 


1^ 
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not  be  overlooked,  ihat  if  wages  are  at  that  time  unusually 
low,  they  will  be  likely  to  rise,  if  the  work  be  so  laige 
in  amount  as  to  make  the  demand  for  labor  exceed  the 
supply. 

Quality,  The  amount  of  labor  required,  for  breaking 
up  and  removing  any  given  volume  of  earth,  will  of  course 
depend  upon  its  degree  of  compactness  and  cohesiveness, 
which  is  termed  its  *'  quality. ^^  This  is  estimated  by  the 
proportion  between  the  number  of  picks  in  use,  and  the 
number  of  shovels  which  these  picks  will  keep  constantly 
employed.  Thus,  if  the  earth  be  so  loose  that  it  can  be 
shovelled  up  without  being  loosened  by  the  pick,  it  is 
called  **  earth  of  one  man."  If  it  be  so  hard  as  to  require 
one  picker,  or  "getter,"  to  be  constantly  employed,  to  keep 
one  shoveller,  or  **  filler,"  at  work,  it  is  called  "  earth  of 
two  men."  If  one  **  getter"  can  keep  two  **  fillers"  busy,  it 
is  "  earth  of  1  ^  men  ;"  its  nomenclature  being  formed  by 
dividing  the  total  number  of  men  employed  by  the  number 
of  volumes  of  earth  removed.  The  "quality"  of  earth  can 
be  accurately  determined  only  by  actual  experiment,  though 
it  may  be  estimated  with  tolerable  precision  by  an  expe- 
rienced eye.  In  deep  cuts,  borings  should  be  made,  or 
shafts  sunk,  to  ascertain  the  nature  of  the  lower  strata. 
In  this  examination  a  knowledge  of  the  geological  ar- 
rangement of  the  district  will  be  of  great  assistance. 

An  average  laborer  can  shovel  into  a  cart,  in  a  day  of 
ten  hours,  from  10  to  14  cubic  yards,  measured  in  the 
embankment,  of  earth  previously  loosened  with  a  pick  or 
plough.  Of  hard  and  firm  gravelly  earth,  or  gravel  and 
clay  mixed,  he  can  load  10  cubic  yards  ;  of  loam,  (sand 
and  clay)  12  cubic  yards;  and.  of  sandy  earth  14  cubic 
yards.*     To  loosen  the  earth  will  cost  from  1  to  8  cents 

•  JounuU  4>f  Franklia  Inatitate,  September,  1841. 
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[)cr  cubic  yard  ;  the  hardest  earth  requires  to  be  picked; 
the  others  may  be  ploughed  ;  and  some  sandy  earth  does 
noi  require  any  loosening,  but  may  be   shovelled  up  al 
nnre.     At  wages  of  one  dollar  per  day,  the  costofshoT- 
clliiii;  into  a  cart  would  therefore  be  from  7  to  10  cents 
per  cubic  yard  ;  to  which  the  cost  of  loosening  must  be  ] 
added,     if  it  were    '*  earth  of  two   men,"   it  would  cost 
double.     The  excavation  of  rock  will  cost  from  50  cents 
to  >>].()(),  according  to  its  hardness,  and  the  disposition  of 
Us  sratns. 

The  following  table  shows  the  number  of  cubic  yards 
whieli  can  be  loosened,  loaded,  &c.,  by  an  average  la- 
l)orer,  in  a  day  of  10  hours.* 


N  \ri'llF.    OF  THF 

CHARACTER    OF    THE    MATERIAL. 

t 
1 

I 

WORK. 

eiirntiiMn 
IvirUi. 

18 
to 
23 

8 
to 
12 

Loo^e  and 
li-ihi  ejirih. 

Mud. 

Clay  and 
stony  earth. 

Compact 
Gravel. 

Rock, 

(blasted) 

Dif^^^'in^^  up,  or 

LoOSLMlillfT. 

16 

9 

7 
to 
11 

2.4 

Exciivation  ;  in- 
cludinjT  ihrow- 
in(r6  to  121eet. 

8 

7 

to 

16 

4 

'2.2 

Loading  in   bar- 
rows. 

22 

8 

19 

Transport  by  bar- 
rows ;  per  hun- 
dred feet. 

20 
to 
33 

24 

to 

28 

Loading  in  carts. 

16 
to 

48 

17 

to 
27 

30 
to 
80 

1 
10 

Spreading      and 
Levelling. 

44 

to 

88 

25 

*  Deduced  from  the  experiments  oi  M.  Ancelin. 
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The  cost  per  cubic  yard  of  each  kind  of  labor  will  be 
readily  obtained  by  dividing  the  day's  wages  by  the  num- 
ber of  cubic  yards  in  the  table. 

The  cost  of  throwing  with  the  shovel  is  usually  one- 
third  of  that  of  digging  up. 

From  90  to  120  square  yards  of  surface  of  embank- 
ment can  be  ^  trimmed ''  in  a  day. 

When  the  net  cost  of  performing  any  work  has  been 
ascertained,  one-twentieth  of  it  should  be  added  for  the 
cost  of  tools,  superintendence,  &c, ;  and  one-tenth  of  the 
whole  for  the  profits  of  the  contractor. 

Distance,  The  third  element  in  the  price  of  earthwork 
is  the  distance  to  which  the  excavations  must  be  remove<1. 
If  the  road  be  on  a  side-hill,  and  be  so  located  that  the 
excavation  from  its  upper  side  can  be  at  once  thrown  over 
to  make  the  embankment  on  its  lower  side,  the  cost  will 
be  little  more  than  that  of  th^  simple  excavation.  But 
usually  large  amounts  of  earth  require  to  be  removed  con- 
siderable distances,  with  great  increase  of  expense.  The 
methods  to  be  employed  will  vary  with  the  circumstances 
of  the  case,  as  will  be  explained  under  the  head  of  **  Con- 
structioni'' 

The  comparative  cost,  per  cubic  yard,  (according  to 
experiments  made  at  Fort  Adams,  N'ewport,  R.  I.,)  of  ex- 
cavating earth,  and  removing  it  to  various  distances,  with 
wheelbarrows,  one-horse  carts,  and  ox-caits,  is  given  by 
the  following  table,  which  includes  the  cost  of  loosening, 
filling,  and  dropping ;  and  estimates  a  laborer's  wages  at 
$1.00  per  day  of  10  hours ;  a  horse,  cart,  and  driver,  at 
$1.34  per  day  of  9  hours;  and  an  ox-team  and  driver 
$1.60  per  day  of  9  hours.  The  earth  was  ploughed  up 
ftt  a  cost  off  cent  per  cubic  yard. 
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DISTANCES  IN  FEET. 


COST    IN  CENTS  PER  CUBIC  YARD. 

Wheelbarrow 


One-horee  cart.         Ox -cart 


30 

5.5 

r»() 

6.9 

90 

8.2 

rjo 

9.5 

150 

10.9 

ISO 

12.2 

i>10 

13.5 

i>10 

14.8 

300 

17.5 

•J  50 

24.2 

000 

30.8 

900 

44.1 

leoo 

57.4 

1500 

70.7 

From  the  preceding  table  it  appears,  that,  with  its  data< 
ihe  cost,  after  loading,  of  removing  the  earth  100  feet, 
was,  in  barrows,  4.43  cents  per  cubic  yard  ;  in  one-horse 
carts,  .GO  cent ;  and  in  ox-carts,  .56  cent. 

Some  accurate  experiments  on  the  Birmingham  and 
Gloucester  Railway*  make  the  cost  in  barrows,  per  IOC 
feet,  at  J^l.OO  per  day,  Vu"  =  *^-4  cenls  ;  the  experiments 
of  M.  Ancelint  give  '3"/  to  '2V  =  3  to  5  cents  ;  the  Ameri- 
can translator  of  SganzinJ 


100  —  t\i 

f  8 


~  b~  cents. 


It  is  usual  in  barrow-work,  to  consider  any  vertical 
transport  of  the  earth  as  costing  eighteen  times  as  much 
as  the  same  number  of  feet  of  horizontal  distance  ;  though 
from  accurate  experiments  it  seems  that  the  ratio  should 
be  as  24  to  1  for  barrows,  and  as  14  to  1  for  horse 
carts.  ^ 


*  Laws  of  Excavation  and  Embankment  on  Railways,  p.  lS(i. 
+  Sco  page  126  t  Page  110.  ^  Gayffier,  p.  14a 
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The  cost  of  transport  by  any  method  will  be  expresst^l 

by  the  formula — 

P  (2D  +  d) 

L  X  C     ' 

in  wliich  P  =  price  of  day's  work  of  the  vehicle  and  its 

driver. 

D  =  mean  distance  of  transport. 

d  =  distance  which  could  have  been  gone  over 
in  the  time  consumed  in  each  filling  and 
emptying. 

L  =  the  distance  which  would  be  gone  over  in 
a  day  by  .the  vehicle,  proceeding  without 
interruption  at  its  average  pace  ;  usually 
between  twenty  and  twenty-five  miles, 
or  between  100,000  and  130,000  feet. 

C  =  the  cubic  contents  of  the  load,  expressed 
in  fractional  parts  of  a  cubic  yard. 
lfP  =  134,  D  =  1500,  d  =  1000,  L  =  100,000,andC  =  i, 

the  formula  becomes  — -7:^  ^^^ ; — -  =  10.7  cents.* 

100,000  X  ^ 

The  complete  cost,  witli  one-horse  carts,  of  excavating 
earth,  transporting  it,  and  forming  an  embankment,  is  very 
completely  expressed  in  a.  formula  enunciated  in  the  Jour- 
nal of  the  Franklin  Institute  for  September,  1841,  by 
Ellwood  Morris,  C.  E. 

The  average  pace  of  a  horse  carting  embankment  is 
taken  at  100  feet  of  trip,  and  back,  per  minute ;  and  the 
time  lost  in  loading,  dumping,  &c.,  at  four  minutes  per  load. 

For  the  variable  quantities  the  following  symbols  are 
employed : — 

a  =  numlier  of  feet  in  the  average  haul,  or  "  lead,"  of 
the  embankment. 

*  For  a  tttUe  tlios  calculated,  see  Mariette,  p.  91. 
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b  =  number  of  hours  worked  per  day. 

c  —  daily  wages  of  laborer,  in  cenls. 

(i  =     **         *'  cart,  including  driver  and  all  ex- 

penses of  carting. 

c  =  cost  of  loosening  materials,  in  cents,  per  cubic 
yard  ;  ranging  from  one  to  eight,  as  slated  on 
page  125. 

f  —  number  of  cart-loads  required  to  form  a  cubic 
yard  of  bank.  Usually  3  on  a  descending  road; 
;^J  on  a  level,  and  4  on  an  ascending  road. 

^  =  number  of  cubic  yards  which  a  medium  laborer 
will  load  inlo  a  cart  per  day,  ranging  from  ten 
lo  ft)urteen,  as  stated  on  page  125. 

Then  llie  minutes  in  the  day's  work  =606; 

'I'lie  UHuutes  consumed  in  each  trip  = 


'i^ 


100 

Die  number  of  trips,  or  loads  ha'iled  per  day,  is 

60b 

+  4, 


100 

The  number  of  cubic  yards  hauled  per  day,  is 

60b 

The  cost  of  hauling,  per  cubic  yard,  is 

*  (roo + ^) 


.  60b  

/  (  _^  4-  4  ) 

-^  Vioo      / 


606 


Adding  to  this  the   cost  of  excavation  =  — ,   that  of 

g 
loosening  =  e,  and  that  of  trimming  =  1  cent,  we  obtain 

for  the  total  cost  of  a  cubic  yard  of  embankment, 
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c 

e+-  + 

g 


-fim**) 


60b 


+  1 


[B. 


+  4 


) 


Applying  It  to  an  actual  case,  in  which  a  =  1000 
6  =  10,  c=  125,  d=  175,  e  =  2^,  /=3i,  g  =  12, 
the  formula  [A]  for  the  cost  of  hauling,  becomes — 

«,  /lOOO 

eoino =  ^*-^  *=""^  • 

and  the  formula  [B],  for  the  total  cost  of  a  cubic  yard  of 
embankment,  becomes — 

125 
2.5  -h  -—  +  14.3  +  1  =  28.2  cents. 
1 1& 

The  actual  cost,  with  these  data,  on  an  amount  of 
22,000  yards,  was  27.9  cents,  differing  from  the  calcula- 
tion only  three-tenths  of  a  cent ;  and  on  a  total  amount  of 
150,000  yards,  the  actual  and  calculated  costs  in  no  case 
differed  more  than  one  cent. 

An  easy  approximate  rule  for  the  average  cost  of  haul- 
ing one  cubic  yard  any  distance  on  a  level,  with  such 
carts  and  rates  of  travel  as  those  above  referred  to,  may 
be  deduced  from  formula  A : — 

For  300  feet  divide  the  wages  of  carl  and  driver  by  24 
500   " 
1000   " 
1500   " 
2000    " 
2500   " 
3000    " 
The  greater  the  d 
proportional  cost,  m  consequence  of  less  time  being  lost 
in  filling  and  dropping. 


* 

19 

12 

■ 

9 

7 

6 

5 

lane 

e  of  the  hau 

[,  the  less  is  the 
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In  excavaiion  and  embankment  with  the  scraper  oi 
scoijj),  (the  use  of  which  will  be  explained  under  the  head 
of  Conslruclion)  the  number  of  cubic  yards  moved  per  day 
of  leii  hours,  a  distance  expressed  by  a  feet  (adding  vertical 

4200 

hciizhl  lo  horizontal  distance)  =  — ~r"QQT**  If  ^^^c  wages  of 

scrajxT  aiui  driver  be  denoted  by  c  cents,  and  cost  of  loosen 

c  (a  +  93-) 

niii  by  (/,  ihc  cost  per  cubic  yard  =d-\ — ^-- — zr-^.    When 
-^  ^  "  4200 

a  =  55,  c  =  275,  and  (/  =  1,  the  cost  becomes — 

'+''^tii—^=  1+9-7 -10.7  cents. 
4200 

When  an  embankment  is  made  of  earth  carried  beyond 
11  certain  distance,  (usually  100  feet  in  the  direction  of  the 
length  of  the  road)  it  is  paid  for  twice ;  once  as  excava- 
tion and  once  as  cinbanknient,  according  to  prices  previ 
ously  stipulated  ;   but  when  carried  less  than  this  distance, 
(as  when  thrown  from  ilie  upper  to  llie  lower  side  of  a  road 
which  is  half  in  cutting  and  half  in  filling)  only  one  price, 
that  of  the  excavation,  is  estimated  for  ;  and  the  amount 
of  embankment  in  this  situation  must  be  subtracted  from 
the  total  amount,  before  multiplying  this  by  the  embank- 
ment price.     If  a  portion  of  an  embankment  is  required 
to  be  made  of  some  peculiar  material,  which  can  b?  ob 
tained  only  from  a  greater  distance  than  the  other  materials 
(^{  the  bank,  a  separate  and  higher  price  should  be  estima 
ted  for  it. 

In  our  estimate,  thus  far,  we  have  determined  only  the 
cost  of  the  excavation  and  embankment. 

The  land  to  be  occupied  by  the  road  is  another  impor- 
tant item.     The  quantity  to  be  taken  having  been  calcu 


*  Journal  of  Franklin  Institute,  October.  1841. 
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lated,  with  due  allowance  for  the  extra  width  of  the 
cuttings  and  fillings,  is  to  be  reduced  to  acres  in  agricul 
tural  districts,  and  to  square  feet  in  towns  and  villages. 
Its  value,  if  not  settled  by  agreement,  must  be  deteimined 
by  appraisers,  who  are,  however,  naturally  too  much  in- 
clined to  favor  the  interests  of  private  individuals  to  the 
prejudice  of  the  company,  or  public  body,  which  con- 
stitutes the  opposite  party,  subjecting  them  to  the  pay- 
ment of  extravagant  compensations. 

The  cost  of  fencing  will  vary  with  the  locality. 

The  mechanical  structures,  as  bridges,  culverts,  &c,  if 
numerous  and  large,  add  greatly  to  the  cost  of  the  road  ; 
but,  if  important,  must  be  confided  to  a  professional  engi- 
neer. 

The  stonework  is  usually  paid  for  by  the  cubic  yard, 
but  in  some  parts  of  the  country  by  the  "  perch,"  of  25 
cubic  feet.*  Wood  is  paid  for  by  the  cubic  foot,  or 
**  solid  measure,"  when  no  one  of  its  dimensions  is  as 
small  as  some  conventional  limit,  which  is  usually  4 
inches  ;  but  **  board  measure"  (one-twelfth  of  the  former) 
is  employed  when  the  wood  is  4  inches,  or  less,  in  any  of 
its  dimensions.  "  Running  measure,"  referring  to  length 
only,  is  used  for  simple  constructions,,  which  have  small 
and  regular  cross-sections,  as  ditches,  piles,  &c. 

The  Engineering  expenses,  including  laying  out,  super- 
intendence, office-work,  &c.,  are  usually  estimated  at  10 
per  cent,  upon  the  amount  of  the  other  items. 

Every  possible  source  of  expense  should  be  taken  into 
the  account,  and  an  ample  price  for  each  allowed ;  but, 
finally,  at  least  10  per  cent ,  upon  the  total  amount,  must 
be  added  for  Contingencies. 

*  — . I.-—--     ■  ■  ■■ .      -       ■      I     .1      ■■  ■■        -     ■    —  ■  ■■         ■— ^ 

■  ^  Mors  predMly  24}  feet,  its  standard  being  a  rabble  ¥tall,  16 j^  ftct 
k]0|jt,  and  18  inches  thick. 
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F.vcn  then  the  actual  expense  will  generally  exceed  the 
rslinmlc*  For  this  opprobrium  of  the  engineering  pro 
fcssion  llicrc  are  many  causes. 

Tiie  price  of  labor ^  as  the  work  proceeds,  particularly 
if  it  be  one  of  magnitude,  may  rise  far  above  what  il  was 
al  the  lime  of  the  estimate. 

In  a  deep  cutting,  I'ock  may  be  found,  where  earth  was 
exjjectcd,  and  the  cost  of  that  part  of  tlie  excavation  will 
therefore  be  increased  tenfold. 

Many  wiprovements  in  the  plan  of  the  work  are  sug- 
gested and  adopted  as  it  proceeds  ;  almost  always  with  an 
increase  of  cost. 

Finally,  it  must  be  confessed  that  many  incidental  ex 
penses,   trifling  in  themselves,  but  considerable  in  their 
airiiregale,  rarely  fail  to  be  overlooked  in  the  original  es- 
timate. 

8.  FINAL  LOCATION  OF  THE  LINE. 

When  the  preceding  operations  of  measuring,  mapping, 
and  calculating,  have  been  performed  upon  each  of  the 
various  lines  of  conununicalion  between  the  two  extremi- 
ties of  the  route,  which  have  been  considered  worth  sur- 
veyinij,  their  relative  merits  are  to  be  examined.  One 
may  be  shorter;  another  more  level  ;  a  third  may  require 
less  earthwork,  and  so  on.  The  good  and  bad  points  of 
each  route  are  to  be  compared  by  the  principles  laid  down 
on  pages  68  and  69,  and  that  one  adopted  which  will  en 
able  the  most  labor  to  be  performed  on  it  with  the  least 


*  On  the  twenty  principal  railroads  in  England,  the  average  proportion 
ol  the  actual  cost  to  the  original  estimate  was  as  2|  to  1.     Tho  least  va- 
riaiion  was  62  per  cent  excess ;  in  the  greatest,  the  coet  was  uearly  gix 
times  tiic  cstiinate. 
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number  of  horses,  provided  the  expense  of  its  construe* 
tion  fall  within  the  linnits  established  by  calculation,  or  by 
necessity.*  The  persons  who  are  to  make  the  selection 
«nd  decision  should  have  before  them, 

1.  A  general  map  of  the  localities. 

2.  A  profile  of  each  line. 

3.  Cross-sections  at  short  intervals. 

4.  The  calculations  of  excavation  and  embankment 

5.  Drawings  of  the  bridges,  culverts,  &c. 

6.  Specifications  of  all  the  works. 

7.  \mounts  of  stone-work,  limber,  &c 

8.  A^nalysis  of  the  prices  of  each. 
9    Estimate  of  cost. 

10  Estimate  of  revenue. 

1 1  Descriptive  memoir. 

The  linal  location  of  the  line  adopted  is  then  to  be 

made.  It  consists  chiefly  in — 

1 .  Rectification  of  the  straight  portions  of  the  line 

2.  Laying  out  its  curves. 

3.  Staking  out  its  side-slopes. 

RECTIFICATION. 

The  minor  irregularities,  bends,  and  zigzags  of  the  line 
(caused  in  part  by  the  transverse  balancing)  may  ofien  be 
removed  by  substituting  for  them  one  straight  line,  which 
will  be  the  average  of  their  deviations  on  either  side.  A 
flagstaff  being  placed  at  one  end  of  the  line,  an  observer, 
at  the  other  end,  by  signals  directs  assistants  to  place  '*  in 
line"  the  rods  which  they  bear ;  and  the  points  thus  found 
are  marked  by  stakes,  which  are  usually  driven  at  every 
hundred  feet.     In  the  case  of  long  lines,  through  a  coun- 


•  Parnell,  pp.  323,  433. 
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try  of  forests,  the  use  of  the  compass,  or  some  other  angu- 

iur  insiniment,  is  almost  indispensable,  for  it  is  still  tin  un- 

golved  problem  in  engineering,  how,  without  the  aid  of 

llic'se,  the   Romans  attained  llie   wonderful    straightiiess 

with  vvhicli  ihcy  carried  their  roads  over  thickly- wooded 

hills  and  valleys,  with  such  lofty  disdain  of  the  effects  of 

gfiivily. 

Fig.  60. 


^ 


^m 


^ii8«^ 


When  a  hill  rising  between  two  points,  as  A  and  B,  pre*- 
vents  one  being  seen  from  the  other,  two  observers  C  and 
I)  may  place  themselves  on  the  ridge,  as  nearly  as  possible 
in  the  line  between  the  two  points,  and  so  that  each  can  al 
once  see  the  other  and  the  point  beyond.  C  looks  to  B,  and 
by  signals  puts  D  '*  in  line."  D  then  looks  to  A,  and  puts 
C  in  line.  C  repeats  his  operation,  and  so  they  alter- 
nately *Mine"  each  other,  continually  approximating  to  the 
straight  line  between  A  and  B,  till  they  at  last  find  them- 
selves both  exactly  in  it. 

When  a  wood,  or  some  such  obstacle,  intervenes  between 
the  two  points,  as  in  Fig.  61,  a  difTerent  method  must  be 
adopted.  The  direction  from  A  to  B  not  being  exactly 
known,  leaving  a  rod  at  A,  set  up  another  at  C,  as  nearly  in 
the  desired  line  as  possible.  Go  on  as  far  as  the  two  rods 
at  A  and  C  can  be  seen,  and  set  up  another  at  D,  "  in  line'' 
with  A  and  C      Go  on  beyond  D,  and  place  another  rod, 


E,  in  line  with  D  and  C ;  and  so  proceed,  producing  the 
straight  line  till  it  arrives  at  Z,  opposite  B.  Measure  the 
distance  ZB,  and  move  the  stakes  C,  D,  E,  &c.,  towards 
the  true  line  by  a  quantity  proportional  to  their  distances 
from  A.  Thus  if  AZ  be  1000  feel,  and  ZB,  the  final 
divergence,  be  ten  feel,  a  stake  C,  200  feel  from  A, 
should  be  moved  two  feel  to  C,  in  order  to  bring  it  into 
the  true  line  AB ;  and  so,  proportionally,  with  the  rest. 


The  angles,  which  are  formed  by  the  meeting  of  the 
straight  lines  established  in  the  approximate  location  of 
the  road,  must  be  rounded  by  curves,  lo  which  the  straight 
lines  must  be  tangents  at  their  points  of  junction. 

On  every  curve  there  is  an  unavoidiible  loss  of  power 
in  the  deflection  of  vehicles  from  the  straight  line  which 
all  bodies  in  motion  tend  to  follow  ;  and  there  is  danger 
from  the  effects  of  the  centrifugal  force.  The  resistance 
is  inversely  as  the  radius  of  the  curve,  i.  e.,  greater  as  the 
radius  of  the  curve  is  smaller ;  for  the  force  required  to 
draw  a  carriage  around  a  curve  may  be  considered  as 
composed  of  two  portions  ;  one  equal  lo  the  force  which 
would  be  required  to  draw  it  over  a  straight  line  of  the 
same  length  as  the  curve,  and  the  other  dependent  on  the 
additional  power  necessary,  at  each  instant,  to  draw  it 
into  the  cm  red  line  from  the  tangent  in  which  it  tends  to 
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move.  A  certain  amount  of  force  being  required  to  pro- 
duce the  entire  change  in  direction,  the  smaller  the  radius 
of  a  curve,  the  less  space  and  lime  is  given  for  the  exer- 
cijje  of  tills  force,  and  a  larger  share  of  it  roust  therefore 
l)e  exerted  at  each  moment,  with  a  great  increase  of  labor 
and  danger. 

It  is  therefore  very  important  that  every  road-curve 
ehould  have  as  great  a  radius  as  possible.  It  should 
never  be  less  than  one  hundred  feet. 

When  a  curve  is  necessary  upon  a  steep  grade,  the  in 
cli nation  should  be  flattened  at  that  place  in  order  to  com- 
pensate for  the  additional  resistance  of  the  curve.    On 
this  account  a  zigzag  line  up  a  hill  is  more  objectionable 
than  an  oblique  ascent  by  a  straight  line. 

Tlie  curves  which  are  employed  to  unite  straight  lines 
are  usually  either  circular  or  parabolic  arcs. 

CIRCULAR    ARCS. 

Having    given    two  Fig.  62. 

straight  lines  meeting 
at  C,  (or  which  would 
so  meet,  if  produced) 
it  is  required  to  mark 
out  on  the  ground  an 
arc  of  a  circle  to  which 
these  lines  shall  be 
tani^ents. 

The  simplest  mode 
for  an  arc  of  small  ra- 
dius would  be  to  find  the  centre,  by  erecting  perpendicu 
lars  to  the  tangent  lines  at  equal  distances,  A  and  B,  from 
their  point  of  meeting  C.      The  intersection,  O,  of  the 
perpendiculars  wouM  be  the  centre,  from  which  the  arc 


■■'•-•■      .H-U,^J.     ,^,     ■|;--1_ 
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might  be  swept  with   a   cord    of  proper  length.      But 
curves  are  often  employed  with  a  radius  of  one  or  more 
miles,  so  that  this  method  would  seldom  be . practicable 
The  curve  must  therefore  be  traced  independently  of  iUs 
centre. 

In  practice,  instead  of  a  circle,  a  polygon  is  marked 
out,  with  sides  or  chords  each  one  hundred  feet  long. 
Stakes  are  set  at  the  ends  of  each  of  these  chords,  and 
are  therefore  in  the  circumference  of  the  desired  circle. 
The  chords  themselves,  in  circles  of  large  radius,  will 
nearly  coincide  with  the  arcs. 

The  question  is  now,  in  what  manner  to  fix  the  position 
of  these  chords.  Two  methods  are  in  common  use  ;  one 
by  **  angles  of  deflection,"  and  the  other  by  "  versed 
sines."  The  former  is  generally  employed  upon  railroads, 
but  requires  the  use  of  an  angular  instrument.*  The 
latter  dispenses  with  this,  and  is  therefore  the  one  which 
will  be  here  explained. 


*  Vor  Itff  dettik  snd  ofber  methods  of  mnofng  cditm,  tee  Appendii  0. 
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Tho   stalions  are  supposed  to  be   at  equal  distaiicefi 
(each  ut   wliich  is  usually  a  chain  of  100  feet)  andlhe 
vcisml  sine  lo  be  given,  or  to  have  been  found  by  trial. 
Assume  it  at  two  feet,  and  let  station  2  be  the  point  at 
winch  the  c  irve  is  to  begin.     From  station  2  measure  in- 
ward, towards  the  centre,  half  the  versed  sine  (or  one 
fool)  to  2',  and  place  there  a  rod.     Stretch  out  ihe  chain 
from  2,  and  bring  its  farlher  extremity  into  the  line  of  2 
and  ihc  back  station  1,  and  it  will  fix  station  3,  at  which  a 
st.ike  is  to  i)e  driven.     From  3  measure  inward  the  full 
versed  sine  to  3'  ;  draw  on  the  chain  till  its  extremity  is  in 
line  wiih  3'   and  2,  and  it  fixes  station  4.     So  proceed, 
measuring  inward  the  full  versed  sine,  at  each  station,  till 
you  arrive  at  the  station  (5,  in  the  figure)  where  it  is  de- 
sired to  end   the   curve,  and   to  pass   off  on   a  tangent. 
There  only  half  ihe  versed  sine  is  to  be  used.     Station  6 

is  thus  found,  and  the  line  5 6  gives  the  direction  of  the 

final  tangent,  as  2 1  gave  that  of  the  initial  one.     The 

stations  2,  3,  4,  5,  thus  found,  will  be  points  in  the  cir 

cumference  of  a  circle  to  which  the  lines  1 2  and  5 6 

are  tangents. 

To  find  approximately  intermediate  points,  measure 
outwards  from  the  middle  of  each  chord,  a  secondary 
versed  ^ine  =  one  fourth  of  the  original  versed  sine.  If 
more  points  are  required,  measure  from  the  middle  of  the 
new  chord,  a  tertiary  versed  sine  =  one  fourth  of  the 
secondary  one  ;  and  so  on. 

The  versed  sine  has  been  thus  far  supposed  to  be 
know^n.  To  calculate  it  from  the  angle  of  two  meeting 
Imes,  the  following  problems  are  required. 

Problem  1.   To  find  the  radius  of  the  circular  arc  which 
unites  two  straight  lines  meeting  at  a  given  angle  ihe  diFtance 


J^» 
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from  their  ictcrsection 
to  the  initial  and  final 
points  of  the  carve 
being  also  given. 

In  figure  64,  ACB 
is  the  given  angle,  and 
A  and  B  the  initial 
and  final  points,  at 
equal  distances  from 
the  point  of  intersec- 
tion. The  triangle 
CBO,  right-angled  at 
B,  gives 


Fig.  64. 


B0  = 


tan.  BCO  X  BC 

rad. 


-,  I.  «.— 


The  required  radius  is  equal  to  the  natural  tangent  (to  radius 


Fig.  65. 


unity)  of  half  the  given  angle, 
multiplied  by  the  distance  from 
the  intersection  to  the  beginning 
ur  ending  of  the  curve.* 


Problem  2.  To  find  the  versed 
aine,  having  given  the  radius. 

Oiven  the  radius  OA  or  OF, 
and  any  two  equal  chords,  AE, 
and  EF,  required  the  versed 
«ine  ED.  \ 

ED«  =  AE«  —  AD« 

AD"  z=,  A0«  —  D0«  =  AO'  —  (EO  —  ED)«  =i 

=  A0«  —  (AO  —  ED)«  = 

=  AC  —  AC"  -f  2A0  .  ED  —  ED«  =  SAO  .  ED  —  ED». 

.-.  ED«  =  AE«  —  SAO  .  ED  +  ED« 

2A0.ED  =  AE« 

^»  =  ^' 

u  €.,  the  versed  sine  is  equal  to  the  square  of  the  chord,  di- 
vkied  by  twice  the  radius.  When  AE  :=  100  feet,  the  versed 
sine  is  «qual  to  5000  feet  divided  by  the  number  of  feet  in  the 


«  AO  and  AB  beina  known,  Radhis  OA  = 


ACX  AH 
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railiuB.     Whei.  AE  =  66  leel,  ihe  rersed  sine  equals  2176 
feet  divided  by  the  radius. 

When  ihc  lines,  which  are  to  be  united  by  a  curve,  do 
not  actually  meet,  the  angle  which  iheir  directions  form 
may  l)c  readily  calculated  ;  but  after  a  little  practice  it 
will  he  easier  to  assume  some  versed  sine;  to  run  atrial 
curve  with  it  ;  and  after  ascertaining  whether  it  be  loo 
liri^^e  or  too  small,  to  assume  another  nearer  the  proper 
en',  and  so  j)rocced. 

Cotnpoitiid  Curves.  The  above  method  supposes  that 
ihc  curve  has  the  same  radius,  or  degree  of  curvature, 
throughout,  and  that  it  unites  the  two  tangents  at  equal 
distances  from  their  intersection.  But  it  is  often  required 
to  increase  or  to  lessen  the  degree  of  curvature,  and  thus 
to  form  a  "  compound  curve,"  as  in  the  figure.  To  effect 
this,  at  the  station  where  the  change  Fig.  66. 

is  to  be  made,  use,  for  measuring  ; 
inward,  half  llie  sum  of  the  old  and  i 
new  versed  sine,  and  thence  pro-  ; 
2eed  wilh  the  new  one  only.  Thus,  \ 
ii  2  feet  has  been  the  original  \ 
versed  sine,  and  the  features  of  i 
the  ground  which  is  next  to  be 
passed  over  require  a  curve  of  6 
feet  versed  sine  to  be  employed,  at  the  desired  point  use 
a  versed  sine  of  4  feet,  and  thenceforward  one  of  G  feet.  If 
the  curvature  is  to  be  lessened,  the  same  rule  applies. 

Reversed  Curves.  It  is  sometimes  necessary  to  reverse 
the  direction  of  a  curve,  and  to  commence  curving  in  a 
contrary  manner,  without  allowing  a  straight  line  to  in- 
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*  It  is  often  desirable  to  know  how  far  the  curve  will  depart  from  the 
mtensecti^n  of  the  taofjeiit  lines.  In  figure  64,  the  distance  rf)quir«H!l 
saFC  =  OC  ..0F=^/(0A''4- AC^  — OA 
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"tervene.  At  one  chain  beyond  the  point  at  which  it  is 
desired  to  make  the  change,  place  a  stake  in  the  h'ne  of 
the  two  last,  and  at  it  begin  to  use  the  proper  versed  sine 
m  the  contrary  direction. 
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The  following  method  furnishes  an  easy  means  of  ob- 
taining a  Parabolic  curve. 

Fig.  68. 


Divide  the  two  tangent  lines  1  ....13,  and  13....  12,  (whether 
of  equal  or  different  lengths)  into  the  same  number  of  equal 
parts,  as  many  as  may  be  thought  necessary.  Number 
the  points  of  division  on  one  tangent  with  the  odd  num- 
bers 1,  3,  5,  &c.,  ip  to  the  vertex ;  and  on  the  other  tan- 
gent  number  them,  from  the  vertex,  with  the  ev3n  numbers 
%  4,  6,  &c.  '  Join  the  points  1  and  2,  3  and  4,  5  and  6 
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lr>-  of  foresU,  the  use  of  the  compass,  or  some  other  angu- 
i:ir  instrument,  is  almost  indispensable,  for  it  is  still  ftn  un- 
solved problem  in  engineering,  how,  without  the  aid  of 
those,  the  Romans  attained  the  wonderful  straighliiess 
with  wliich  they  carried  their  roads  over  thickly- wooded 
hills  and  valleys,  with  such  lofty  disdain  of  the  eflfectsof 

gravity. 

Fig.  60. 


A — 


When  a  lull  rising  l)ct\veen  two  points,  as  A  and  B,  pre- 
vents one  being  seen  from  the  other,  two  observers  C  and 
I)  may  place  themselves  on  the  ridge,  as  nearly  as  possible 
in  the  line  between  the  two  points,  and  so  that  each  can  at 
once  see  the  other  and  the  point  beyond.  C  looks  to  B,  and 
by  signals  puis  D  '*  in  line."  D  then  looks  to  A,  and  puts 
C  in  line.  C  repeats  his  operation,  and  so  they  alter- 
nately 'Mine"  each  other,  continually  approximating  to  the 
straight  line  between  A  and  B,  till  they  at  last  find  them- 
selves both  exactly  in  it. 

When  a  wood,  or  some  such  obstacle,  intervenes  between 
the  two  points,  as  in  Fig.  61,  a  different  method  must  be 
adopted.  The  direction  from  A  to  B  not  being  exactly 
known,  leaving  a  rod  at  A,  set  up  another  at  C,  as  nearly  in 
the  desired  line  as  possible.  Go  on  as  far  as  the  two  rods 
at  A  and  C  can  be  seen,  and  set  up  another  at  D,  "  in  line'" 
with  A  and  C      Go  on  beyond  D,  and  place  another  rod, 


C,  in  line  with  D  and  C ;  and  so  proceed,  producing  the 
straight  line  till  it  arrives  at  Z,  opposite  B.  Measure  the 
distance  ZB,  and  move  the  stakes  C,  D,  E,  &c.,  towards 
the  true  line  by  a  quantity  proportional  to  their  distances 
from  A.  Thus  if  AZ  be  1000  feet,  and  ZB,  the  final 
divergence,  be  ten  feel,  a  slake  C,  200  feet  from  A, 
should  be  moved  two  feet  to  C,  in  order  to  bring  it  into 
the  true  line  AB ;  and  so,  proportionally,  with  the  rest. 


The  angles,  which  are  formed  by  the  meeting  of  the 
straight  lines  established  in  the  approximate  location  of 
the  road,  must  be  rounded  by  curves,  lo  which  the  straight 
lines  must  be  tangents  at  their  points  of  junction. 

On  every  curve  there  is  an  unavoidable  loss  of  power 
in  the  deflection  of  vehicles  from  the  straight  line  which 
all  bodies  in  motion  tend  to  follow ;  and  there  is  danger 
from  the  effects  of  the  centrifugal  force.  The  resistance 
is  inversely  as  the  radius  of  the  curve,  i.  e.,  greater  as  the 
radius  of  the  curve  is  smaller ;  for  the  force  required  lo 
draw  a  carriage  around  a  curve  may  be  considered  as 
composed  of  two  portions ;  one  equal  to  the  force  which 
woald  be  required  to  draw  it  over  a  straight  line  of  the 
same  length  as  the  curve,  and  the  other  dependent  on  the 
additiraial  power  necessary,  at  each  instant,  to  draw  il 
talo  tbe  coived  line  from  the  tangent  in  which  it  tends  to 
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move.  A  certain  amount  of  force  being  required  to  pro- 
(iuce  the  entire  change  in  direction,  the  smaller  the  radius 
of  a  curve,  the  less  space  and  time  is  given  for  the  exer- 
cijio  of  ihis  force,  and  a  larger  share  of  it  must  therefore 
1)0  exerted  at  each  moment,  with  a  great  increase  of  labor 
and  danger. 

1 1  is  therefore  very  important  that  every  road-curve 
should  have  as  great  a  radius  as  possible.  It  should 
never  l)c  less  than  one  hundred  feeU 

Wlien  a  curve  is  necessary  upon  a  steep  grade,  the  in 
rlinalion  slionld  be  flattened  at  that  place  in  order  to  com- 
|)ensaie   for  the  additional  resistance  of  the  curve.    On 
tins  acrounl  a  zigzag  Hne  up  a  hill  is  more  objectionable 
liian  an  oblique  ascent  by  a  straight  line. 

The  ciuves  which  are  employed  to  unite  straight  linus 
are  usually  either  circular  or  parabolic  arcs. 

CIRCULAR    ARCS. 

Having    iiiven    two  F'g-  62. 

straight   hues   meetin<i  ,^^. 

at  C,  (or  wiuch  would 
so  meet,  if  produced) 
it  IS  requirea  to  mark 
out  on  the  ground  an 
arc  of  a  circle  to  which 
these  lines  shall  be 
tant^ents. 

The  simplest  mode 
for  an  arc  of  small  ra- 
dius would  be  to  find  the  centre,  by  erecting  perpendicu 
lars  to  the  tangent  lines  at  equal  distances,  A  and  B,  from 
their  point  of  meeting   C.      The   intersection,  O,  of  the 
perpendiculars  wouM  be  the  centre,  from  wiiicli  the  arc 
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might  be  swept  with   a   cord    of  proper  length.     Bui 
curves  are  often  employed  with  a  radius  of  one  or  n)ore 
miles,  so  that  this  method  would  seldom  be . practicable 
The  curve  must  therefore  be  traced  independently  of  its 
centre. 

In  practice,  instead  of  a  circle,  a  polygon  is  marked 
out,  with  sides  or  chords  each  one  hundred  feet  long. 
Stakes  are  set  at  the  ends  of  each  of  these  chords,  and 
are  therefore  in  the  circumference  of  the  desired  circle. 
The  chords  themselves,  in  circles  of  large  radius,  will 
nearly  coincide  with  the  arcs. 

The  question  is  now,  in  what  manner  to  fix  the  position 
of  these  chords.  Two  methods  are  in  common  use ;  one 
by  "angles  of  deflection,"  and  the  other  by  "versed 
sines."  The  former  is  generally  employed  upon  railroads, 
but  requires  the  use  of  an  angular  instrument.*  The 
latter  dispenses  with  this,  and  is  therefore  the  one  which 
will  be  here  explained. 

Fig.  63. 


^  Wat  tti  deUllt  and  otber  methods  of  miming  carves,  see  Appendix  C. 
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The   St al ions  are  supposed  to  be   at  equal  distances 
(each  ot   which  is  usually  a  chain  of  100  feet)  andAe 
vi'isml  sine  to  be  given,  or  to  have  been  found  by  trial. 
Assume  il  Jii  two  feet,  and  let  station  2  be  the  point  at 
which  the  c  irve  is  to  begin.     From  station  2  measure  in- 
ward, towards  the  centre,  half  the  versed   sine  (or  one 
fool)  to  2',  and  place  there  a  rod.     Stretch  out  ihe  chain 
from  2,  and  bring  its  farther  extremity  into  the  line  of  2 
and  the  hack  station  1,  and  it  will  fix  station  3,  at  which  a 
.st.ike  is  to  be  driven.     From  3  measure  inward  the  full 
v(  rsrd  sine  to  3'  ;  draw  on  the  chain  till  its  extremity  is  in 
line  wiili  3'   and  2,  and  it  fixes  station  4.     So  proceed, 
rneasurini^  inward  the  full  versed  sine,  at  each  station,  till 
you  arrive  at  the  station  (5,  in  the  figure)  where  it  is  de- 
sired to  end   the   curve,  and    to  pass   off  on   a  tangent. 
There  only  Jialf  ihe  versed  sine  is  to  be  used.     Station  6 

is  thus  found,  and  the  line  5 6  gives  the  direction  of  the 

final  tangent,  as  2 1  gave  that  of  the  initial  one.     The 

stations  2,  3,  4,  5,  thus  found,  will  be  points  in  the  cir 
cuniference  of  a  circle  to  which  the  lines  1 2  and  5 d 


are  tangents. 


To  find  approximately  intermediate  points,  measure 
outwards  from  the  middle  of  each  chord,  a  secondary 
versed  ^ine  =  one  fourth  of  the  original  versed  sine.  If 
more  points  are  required,  measure  from  the  middle  of  the 
new  chord,  a  tertiary  versed  sine  =  one  fourth  of  the 
secondary  one  ;  and  so  on. 

The  versed  sine  has  been  thus  far  supposed  to  be 
known.  To  calculate  it  from  the  angle  of  two  meeting 
Imes,  the  following  problems  are  required. 

Problem  1.   To  find  the  radius  of  the  circular  arc  which 
imites  two  straight  lines  meeting  at  a  given  angle  ihe  dif^tance 
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from  their  ictcrsection 
to  the  initial  and  final 
points  of  the  carre 
being  also  given. 

In  figure  64,  ACB 
is  the  given  angle,  and 
A  and  B  the  initial 
and  final  points,  at 
equal  distances  from 
Che  point  of  intersec- 
eion.  The  triangle 
CBO,  right-angled  at 
B,  gives 


-,^      tan.  BCO  X  BC   . 


Fig.  64. 


rad. 


The  required  radius  is  equal  to  the  natural  tangent  (to  radius 


Fig.  65. 


unity)  of  half  the  given  angle, 
multiplied  hy  the  distance  from 
4he  intersection  to  the  beginning 
or  ending  of  the  curve.* 


ProhUm  2.  To  find  the  versed 
sine,  haying  given  the  radius. 

Oiven  the  radius  OA  or  OF, 
and  any  two  equal  chords,  AE, 
and  EF,  required  the  versed 
me  ED.  \ 

ED»  =  AE«  —  AD« 

AD"  =^  A0«  —  DO"  =  AO'  —  (EO  —  ED)«  =i 

=  AO"  —  (AO  —  ED)"  = 

=  AO"  -^  AO"  +  2A0  .  ED  —  ED"  =  SAO  .  ED  —  ED". 

.-.  ED"  =  AE"  —  SAO  .  ED  +  ED" 

SAO  .  ED  =  AE" 

ED  =  ^. 
SAO  ' 

fl«  e.j  the  versed  sine  is  equal  to  the  square  of  the  chord,  di- 
vided by  twice  the  radius.  When  AE  =  100  feet,  the  versed 
is  «qual  to  5000  feet  divided  by  the  number  of  feet  in  the 


*  AC  and  AB  bmna  known,  Radius  OA  = 


AOX  AH 


H2 


THE    LOCATION    OF    ROADS. 


radius.     Whei.  AE  ~  66  leel,  ihe  versed  sine  equals  2176 
feel  divided  by  the  radius. 

When  the  lines,  which  are  to  be  united  by  a  curve,  do 
not  actually  meet,  the  angle  which  their  directions  form 
inav  be  readily  calculated  ;  but  after  a  little  practice  it 
will  be  easier  to  assume  some  versed  sine;  to  run  atrial 
curve  with  it  ;  and  after  ascertaining  whether  it  be  too 
1  ir^e  or  too  small,  to  assume  another  nearer  the  proper 
en-',  and  so  proceed. 

i'oinpojiud  Curves.  The  above  method  supposes  that 
llic  curve  has  t!ie  same  radius,  or  degree  of  curvature, 
tliroui;h()ul,  and  that  it  unites  the  two  tangents  at  equal 
distances  from  their  intersection.  But  it  is  often  required 
lo  increase  or  to  lessen  the  degree  of  curvature,  and  thus 
to  form  a  "  compound  curve,''  as  in  the  figure.  To  effect 
this,  al  the  station  where  the  change  Fig.  66. 

is  to  be  made,  use,  for  measuring 
inward,  half  the  sum  of  the  old  and 
new  versed  sine,  and  thence  pro- 
ceed with  the  new  one  only.  Thus, 
if  2  feet  has  been  the  original 
versed  sine,  and  the  features  of 
the  ground  which  is  next  to  be 
passed  over  require  a  curve  of  6 
feet  versed  sine  to  be  employed,  at  the  desired  point  use 
a  versed  sine  of  4  feet,  and  thenceforward  one  of  G  feet.  If 
the  curvature  is  to  be  lessened,  the  same  rule  applies. 

Reversed  Curves.  It  is  sometimes  necessary  to  reverse 
the  direction  of  a  curve,  and  to  commence  curving  in  a 
contrary  manner,  without  allowing  a  straight  line  to  in- 


*  It  is  often  desirable  to  know  how  far  the  curve  will  depart  from  the 
mterBecti?n  of  \het  t«j.'Jsrei.U  lines.  In  figure  64,  the  distance  r^iquirf^ 
SB  FC  =  OC  ..  OF  =  v/  (OA'*  -f  AC'-^  —  O  A 
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tervene.  At  one  chain  beyond  the  point  at  which  it  is 
desired  to  make  the  change,  place  a  stake  in  the  h'ne  of 
the  two  last,  and  at  it  begin  to  use  the  proper  versed  sine 
in  the  contrary  direction. 


PARABOLIC    ARCS. 


The  following  method  furnishes  an  easy  means  of  ob- 
taining a  Parabolic  curve. 

Fig.  68. 


Divide  the  two  tangent  lines  1....  13,  and  1 3. ...1 2,  ( VI  hethet 
of  equal  or  diflferent  lengths)  into  the  same  number  oi  equal 
parts,  as  many  as  may  be  thought  necessary.  Number 
the  points  of  division  on  one  tangent  with  the  odd  num- 
bers 1,  3,  5,  &c.,  jp  to  the  vertex ;  and  on  the  other  tan- 
gent number  ihem,  from  the  vertex,  with  the  ev3n  numbers 
2,  4,  6,  &c.     Join  the  points  1  and  2,  3  and  4,  5  and  6 


\w 
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Iry  of  forests,  the  use  of  the  compass,  or  some  other  angu- 
lar insinunenl,  is  almost  indispensable,  for  it  is  still  an  un- 
solved problem  in  engineering,  how,  without  the  aid  of 
ihoso,  the  Romans  attained  the  wonderful  straightness 
wilh  which  ihey  carried  their  roads  over  thickly- wooded 
hills  and  valleys,  wilh  such  lofty  disdain  of  the  eflfects  of 

gravity. 

Fig.  60. 


^^ 


A—" 


m 


5a.^ 


m 

When  a  hill  rising  between  two  points,  as  A  and  B,  prei- 
vents  one  being  seen  from  the  other,  two  observers  C  and 
I)  may  place  themselves  on  the  ridge,  as  nearly  as  possible 
in  the  line  betw^een  the  two  points,  and  so  that  each  can  at 
once  see  the  other  and  the  point  be^^ond.  C  looks  to  B,  and 
by  signals  puts  D  '*  in  line."  D  then  looks  to  A,  and  puts 
C  in  line.  C  repeats  his  operation,  and  so  they  alter- 
nately 'Mine"  each  other,  continually  approximating  to  the 
straight  line  between  A  and  B,  till  they  at  last  find  them- 
selves both  exactly  in  it. 

When  a  wood,  or  some  such  obstacle,  intervenes  between 
the  two  points,  as  in  Fig.  61,  a  different  method  must  be 
adopted.  The  direction  from  A  to  B  not  being  exactly 
known,  leaving  a  rod  at  A,  set  up  another  at  C,  as  nearly  in 
the  desired  line  as  possible.  Go  on  as  far  as  the  two  rods 
at  A  and  C  can  be  seen,  and  set  up  another  at  D,  **  in  line'" 
with  A  and  C      Go  on  beyond  D,  and  place  another  rod. 


^-'^=^^^^ i 

E,  in  line  with  D  and  C  ;  and  so  proceed,  producing  the 
straight  line  till  it  arrives  at  Z,  opposite  B.  Measure  the 
distance  ZB,  and  move  the  stakes  C,  D,  £,  &c.,  towards 
ihe  true  line  by  a  quantity  proportional  to  their  distances 
from  A.  Thus  if  AZ  be  1000  feet,  and  ZB,  the  final 
divergence,  be  ten  feet,  a  slake  C,  200  feet  from  A, 
should  be  moved  two  feet  to  C,  in  order  to  bring  it  into 
the  true  line  AB ;  and  so,  proportionally,  with  the  rest. 


The  angles,  which  are  formed  by  llje  meeting  of  the 
straight  lines  established  in  the  approximate  location  of 
the  road,  must  be  rounded  by  curves,  lo  which  the  straight 
lines  must  be  tangents  at  their  points  of  junction. 

On  every  curve  there  is  an  unavoidable  loss  of  power 
in  the  deflection  of  vehicles  from  the  straight  line  which 
all  bodies  in  motion  lend  to  follow ;  and  there  is  danger 
from  the  effects  of  the  centrifugal  force.  The  resistance 
IB  inversely  as  tlie  radius  of  the  curve,  i.  e.,  greater  as  the 
radius  of  the  curve  is  smaller;  for  the  force  required  to 
draw  a  carriage  around  a  curve  may  be  considered  as 
composed  of  two  portions  ;  one  equal  to  the  force  which 
would  be  required  to  draw  it  over  a  straight  line  of  the 
same  length  as  the  curve,  and  the  other  dependent  on  the 
additional  power  necessary,  at  each  instant,  to  draw  i1 
mto  the  ciuved  line  from  the  tangent  in  which  it  tends  to 
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move.  A  certain  amount  of  force  being  required  to  pUK 
(iuce  llic  entire  change  in  direction,  the  smaller  the  radiiM 
of  a  curve,  the  less  space  and  time  is  given  for  the  exer- 
cise of  ihis  force,  and  a  larger  share  of  it  must  therefore 
l)c  exerted  at  each  moment,  with  a  great  increase  of  labor 
and  danger. 

It  is  therefore  very  important  that  every  road-curve 
should  have  as  great  a  radius  as  possible.  It  should 
never  he  less  than  one  hundred  feeU 

Wlien  a  curve  is  necessary  upon  a  steep  grade,  the  in 
rliiialion  should  be  flattened  at  that  place  in  order  to  com- 
|)ens;iie   for  the  additional  resistance  of  the  curve.    On 
this  account  a  zigzag  line  up  a  hill  is  more  objectionable 
than  an  oblique  ascent  by  a  straight  line. 

The  ciuves  which  are  employed  to  unite  straight  linus 
are  usually  cither  circular  or  parabolic  arcs. 

CIRCULAR    ARCS. 

Havino;    ffiven    two  Fig-  62. 

straight  hues  meeting  ^^ — . 

at  C,  (or  which  would 
so  meet,  if  produced) 
it  is  requirea  to  mark 
out  on  the  ground  an 
arc  of  a  circle  to  which 
these  lines  shall  be 
tant^ents. 

The  simplest  mode 
for  an  arc  of  small  ra- 
dius would  be  to  find  the  centre,  by  erecting  perpendicu 
lars  to  the  tangent  lines  at  equal  distances,  A  and  B,  from 
their  point  of  meeting  C.      The  intersection,  O,  of  the 
perpendiculars  would  be  the  centre,  from  whicli  the  arc 
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might  be  swept  with  a  cord    of  proper  length.     Bm 
carves  are.  often  employed  with  a  radius  of  one  or  n)ore 
mil  as,  so  that  this  method  would  seldom  be .  practicable 
The  curve  must  therefore  be  traced  independently  of  it^ 
centre. 

In  practice,  instead  of  a  circle,  a  polygon  is  marked 
out,  with  sides  or  chords  each  one  hundred  feet  long. 
Stakes  are  set  at  the  ends  of  each  of  these  chords,  and 
are  therefore  in  the  circumference  of  the  desired  circle. 
The  chords  themselves,  in  circles  of  large  radius,  will 
nearly  coincide  with  the  arcs. 

The  question  is  now,  in  what  manner  to  fix  the  position 
of  these  chords.  Two  methods  are  in  common  use  ;  one 
by  "angles  of  deflection,"  and  the  other  by  "versed 
sines."  The  former  is  generally  employed  upon  railroads, 
but  requires  the  use  of  an  angular  instrument.*  The 
latter  dispenses  with  this,  and  is  therefore  the  one  which 
will  be  here  explained. 

Fig.  63. 


^  Wat  He  deiailt  and  otlicr  methods  of  niiuiing  earvet,  see  Appendix  C 
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again  as  soon  as  the  handles  are  released  upon  its  being  ] 
filled.  It  then  runs  with  slight  resistance  upon  twocoD'  | 
vex  iron-shod  runners,  which  project  slightly  beyond  its  I 
bolloin,  and  is  thus  drawn  to  the  place  of  deposite.  Al  I 
ihai  point  the  driver  raises  the  handles  ;  its  front  edge  1 
calches  in  the  earth,  and  its  forward  motion  overturns  it,  I 
1  lul  discharges  its  load.  The  horses  keep  moving;  and  { 
ihc  sroop  is  dragged  back  to  the  place  of  excavation,  in  1 
its  invtried  position,  the  handles  resting  on  the  tree.  Il 
is  ihcTc  loadcii,  &€.,  as  before.  \ 

BARROW-WHEELING. 

For  excavations  of  moderate  depths,  and  for  distances 
vviihin  certain  limits,  haiTows  are  most  conveniently  em 
ployed.     To  facilitate  emptying  their  contents,  the  bar 
rows  arc  made  very  shallow,  vvitli  splaying  sides,  and  with 
a  very  short  axis  to  the  wheel.     They  contain  from  ^V  ^^ 
,-'j  of  a  cubic  yard.     They  are  wheeled  on   "runs"  of 
f)lank,  (as  long  and  thick  as  possible)  laid  on  the  ground, 
or  supported  on  trestles,  or  horses,  numerous  enough  to 
prevent  vibration.     When  the  tracks  are  inclined,  as  in 
ascending  from  a  deep  excavation,  they  should  be  laid 
with  a  slope  of  one  in  twelve.*     A  steeper  slope  fatigues 
the   workman   excessively ;    a  flatter  one   increases    too 
much  the  length  of  his  route.     The  same  man  does  not 
usually  dig,  shovel,  and  wheel,  but  great  advantages  are 
obtained  by  a  division  of  labor.     One  man  picks,  (if  that 
be  required)  a  second  shovels  into  the  barrow  which  stands 
on  the  edge  of  the  excavation,  and  a  third  wheels  the  bar- 
row to  the  place  of  deposite,  or  to  the  next  "  stage,"  ac- 
cording to  the  distance.     In  the  latter  case,  at  the  end  of 

*  DupiN.     Applications  de  la  Geometrie. 
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the  "  Stage,"  he  meets  another  wheeler,  returning  with  an 
empty  barrow.  The  two  there  exchange  their  barrows  ; 
the  second  man  wheels  on  the  loaded  one  over  another 
stage,  while  the  first  man  returns  with  the  empty  barrow 
to  the  excavation,  where  he  finds  a  loaded  one,  which  has 
been  filled  during  his  absence ;  and  so  the  circulation 
continues. 

The  length  of  the  "  stage"  should  be  such,  that  the 
time,  taken  by  the  wheeler  to  travel  over  it  with  a  loaded 
barrow,  and  to  return  with  an  empty  one,  should  be  jusi 
sufficient  to  enable  the  shoveller  to  fill  the  barrow  left  at 
the  excavation.  It  should  vary  therefore  with  the  nature 
of  the  soil ;  lessening,  if  this  be  easily  worked,  and  in- 
creasing, if  it  oflfer  greater  resistance.  On  a  level  the 
length  of  a  stage  is  usually  from  60  to  100  feet.  On  an 
ascent  of  1  in  12,  it  should  be  diminished  by  one-third  ; 
on  a  similar  descent  it  should  be  increased  by  the  same  ; 
for  with  tliis  slope  the  labor  on  an  ascent  of  60  feet  ex- 
actly equals  a  level  stage  of  90  feet.* 

If  the  distance  were  not  divided  into  stages,  and  one 
man  wheeled  his  barrow  the  entire  length,  a  number  of 
runs  would  require  to  be  laid  from  the  excavation.  Such 
an  arrangement  would  be  inconvenient,  from  its  blocking 
up  the  work,  and  expensive,  from  the  cost  of  the  plank. 
At  the  point  where  the  run  terminates  in  the  excavation, 
two  planks  are  placed,  diverging  like  the  letter  Y,  the 
full  and  the  empty  barrow  being  wheeled  on  each  alter- 
nately. At  the  meeting  of  two  stages,  a  double  track  is 
laid,  to  form  a  turning-out  place  for  the  exchange  of  the 
barrows.  At  the  place  of  deposite,  several  planks  should 
radiate  from  the  main  track,  so  that  the  earth  may  be  at 
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once  evenly  distribuied,  by  being  emptied  from  each  in 
turn,  lluis  saving  much  subsequent  levelling. 

Barrow-wheeling  becomes  too  expensive  after  reaching 
a  certain  limiting  distance  of  transportation.  The  frequent 
ii(^ii;Iecl  of  this  consideration  leads  to  much  waste  of  laboi. 
\\  hen  earth  is  to  be  conveyed  great  distances,  carts  or 
wagons  should  be  employed.  The  limit  is  determined 
by  a  combination  of  the  cost  of  filling  and  of  transporting. 
The  table  on  page  128,  makes  it  100  feet;  the  limit  in 
1  'raiice,  with  barrows  containing  ^V  of  a  cubic  yard,  should 
\)v  tJOO  feet;  on  English  works,  with  barrows  holding  j\ 
(»f  a  cubic  yard,  the  limit  is  300  feet.  The  limiting  dis- 
tance becomes  smaller  as  the  height  to  which  the  earth 
is  moved  becomes  greater.* 

CARTS,    ETC. 

One-horse  carls  may  be  advantageously  employed  for 
distances  exceeding  the  sphere  of  barrows.  For  short 
distances,  the  greater  proportional  loss  of  time  in  filling 
them  more  than  balances  iheir  economy  while  moving. 
They  should  be  made  very  light,  and  their  box  be  bal- 
anced on  a  pivot,  so  that  when  loaded  they  will  tend  to 
discliarge  themselves.!  As  the  distance  increases,- tya^- 
o/iSj  drawn  by  two  horses,  become  cheaper,  and  a  tempo- 
rary railway  may  often  be  constructed  with  profit. 

When  the  length  of  the  lead,  {i.  e.  the  distance  from 
the  face  of  an  excavation  to  the  head  of  an  embankment) 
exceeds  1^  miles,  and  the  amount  of  earthwork  is  con- 
siderable, a  locomotive  engine  may  be  advantageously 
employed  to  draw  trains  of  wagons  upon  the  rails. 


*  Gayffier,  p.  159. 

t  When  horses  draw  loads  out  of  aii  excavation,  the  inclination  of  tlieil 
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••  Casting  up  by  stages'^  is  a  method  sometimes  em- 
ployed for  removing  the  earth  from  deep  excavations.     A 
scaffold  is  prepared  with  a  number  of  platforms,  each  five 
feet  above  the  other,  and  each  successive  one  receding, 
like  the  steps  of  a  staircase.     On  each  platform  stands  a 
man  with  a  shovel.    The  laborer  in  the  excavation  throws 
the  earth  upon  the  first  platform  ;  the  man  there  stationed 
throws  it  up  to  the  second  ;  and  so  on  in  succession  till  it 
reaches  the  surface. 

Horse-runs  are  also  resorted  to  in  very  deep  excava- 
tions, where  the  banks  are  necessarily  very  high  and  sleep. 
U])on  the  slope  of  the  bank  are  placed  two  plank  **  runs," 
or  tracks,  reaching  from  the  lop  to  the  bottom  of  the  ex 
cavation.  The  distance  between  them  must  be  a  hltle 
greater  than  the  depth  of  the  excavation.  At  the  top  of 
each  is  a  pulley,  over  which  plays  a  rope,  the  ends  of 
which  pass  down  the  runs.  Each  end  of  the  rope  is 
fastened  to  the  front  of  a  barrow,  and  its  length  is  so  ad- 
justed that  one  barrow  will  be  at  the  top  of  one  run,  while 
the  other  barrow  is  at  the  bottom  of  the  other  run.  At 
the  lop  of  the  excavation,  a  horse,  attached  to  the  rope, 
travels  horizontally,  alternately  raising  one  barrow,  which 
has  been  filled  below,  and  lowering  the  other,  which  has 
been  emptied  at  the  top.  A  man  has  hold  of  each  bai- 
row  to  guide  it  in  its  ascent  and  descent,  the  weights  of 
the  men  balancing  each  other.  This  method  is  advan- 
tageous for  depths  exceeding  20  feet.*  The  use  of  bar- 
rows in  such  cases,  with  the  proper  inclinations  for  the 
runs  would  require  too  great  a  distance  to  be  travelled 
over. 


*  Gautliey,  u.  197. 
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SPOIL-BANKS. 


The  spoil-banks,  formed  by  the  deposites  of  the  siff- 
plii.«  earth  of  an  excavation,  are  usually  shaped,  as  in  the 

Fig.  75. 


fiirure,  witli  .side-slopes  of  1^  to  1.  If  the  land  which 
ihcv  occupv  be  of  lillle  value,  it  will  be  economical  to  ex- 
tend  them  alon<r  the  line  AB,  making  them  wider  and 
lower  within  certain  limits  ;  since  vertical  transport  costs 
so  much  more  than  horizontal.*  The  solution  of  the 
j)roblem  of  ?nini/num  expense  shows  that  for  spoil-banks 
made  with  barrows,  (slopes  1^  to  1,  and  employing  the 
customary  ratio  of  18  to  1,  for  the  comparative  expense 
of  horizontal  and  vertical  transport)  the  base  AB  should 
be  fifteen  times  the  heii^fu.t 


SIDE-SLOPES. 


To  preserve  the  slopes  of  deep  excavations  from  benig 
gullied  and  washed  down  into  the  road,  a  ditch  should  be 
made  along  the  upper  edges  of  the  cutting,  in  order  to 
prevent  the  surface  water  of  the  neighboring  land  from 
reaching  it.  Upon  the  slopes  themselves  should  be  made 
ditches,  called  "  Catch-water  drains,"  running  obliquely 
downwards,  to  receive  the  water  of  rams,  and  conduct  it 
into  the  side  ditches. 

The  side-slopes  may  be  advantageously  sown  with 
p:ras8-seed.     The  roots  of  the  grass  will  bind  the  earth 


•  Sen  page  128 


t  Gayffier,  p.  162 


BLASTING.  161 

together,  and  prevent  its  slipping.  A  covering  of  3  or  4 
inches  of  good  soil  should  be  previously  spread  over  the 
side-slopes,  but  if  they  are  steeper  than  If  to  1,  the  soil 
will  not  lie  upon  them.  They  may  also  be  sodded  i  the 
sods  being  laid  on,  either  with  the  grass  side  uppermost, 
or  edgewise,  with  their  faces  at  right  angles  to  the  slope. 
The  latter,  **  Edge-sodding,"  is  the  most  eflScient,  but 
most  expensive. 

TUNNELING. 

When  the  excavation  exceeds  a  certain  depth,  it  will 
be  cheaper  to  make  a  tunnel  as  a  substitute.  The  amount 
of  excavation  will  be  much  less,  but  the  cost  of  each  yard 
of  it  will  be  much  greater.  Calculation  in  each  case 
can  alone  decide  at  what  depth  it  would  be  economical  to 
abandon  the  open  excavation,  and  to  commence  the  tun 
nel.  Sixty  feet  is  an  approximate  limit  in  ordinary  earth. 
The  necessity  for  tunnels  seldom  occurs,  however,  in  the 
construction  of  common  roads,  though  frequent  in  the 
great  roads  of  the  Alps,  and  on  railroads ;  in  the  chapter 
devoted  to  which  they  will  therefore  be  more  fully  noticed 

BLASTING. 

Not  only  rock,  but  frozen  earth,  and  sometimes  very 
compact  clay,  are  removed  by  blasting  with  powder. 
The  holes  are  drilled  by  a  long  iron  bar  of  the  hardest 
steel,  chisel-edged,  which  is  raised  and  let  fall  on  the  de- 
sired point,  and  at  each  stroke  turned  partially  around,  so 
that  the  cuts  cross  each  other  like  the  rays  of  a  star  *. 
The  holes  are  made  from  1  to  3  inches  in  diameter,  and 
from  1  to  4  feet  deep.  One  man  can  drill  in  a  day  1 8 
inches,  of  one  3  inches  in  diameter,  in  rock  of  average 
Lardness.     When  water  percolates  into  the  hole,  it  must 
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he  dried  with  oakum  and  quicklime,  and  the  powder  en- 
closed in  a  water-proof  cartridge.  The  proper  proportion 
of  powder  being  introduced  by  a  funnel  and  copper  lube 
(so  that  none  may  adhere  to  the  side)  a  wadding,  of  hay, 
moss,  or  dry  turf,  is  placed  upon  it,  and  the  remainder  of 
tlic  hole  is  filled  with  some  packing  material.  This  i« 
usually  sand,  but  by  far  the  best,  for  safety  and  efficiency, 
is  dried  clay,  rolled  into  balls  or  cylinders,  and  dried  at  a 
smith's  forge,  as  much  as  can  be,  without  its  falling  to 
pieces.  'I'iie  next  best  material  is  the  chippings  and  dust 
of  broken  brick,  moistened  slightly  while  being  rammed. 
An  inch  or  two  of  the  wadding  being  simply  pressed 
down  upon  the  powder,  the  filling  material  is  rammed,  or 
*'  lamped,"  wiiii  a  copper  wire,  till  it  becomes  very  com- 
pact. Tiiroiigh  it  passes,  from  the  powder  to  the  surface, 
some  means  of  ignition.  A  straw,  filled  with  priming 
powder,  and  ignited  by  a  slow  match,  was  formerly 
employed  for  this  purpose.  But  of  late  years  this  has 
been  generally,  and  should  be  universally,  superseded  by 
the  safety-fuse.  This  has  the  appearance  of  a  common 
tarred  rope,  and  is  so  prepared  that  the  length  of  it,  which 
will  burn  any  given  lime,  can  be  exactly  known,  so  that 
no  premature  explosion  need  be  feared. 

The  proper  charge  of  powder,  Jind  the  direction  of  the 
holes,  are  very  important,  both  for  efficiency  and  econo- 
my. The  usual  charge  is  one-third  of  the  depth  of  the 
hole  ;  but  such  a  rule  is  evidently  irrational,  for  the 
amount  of  a  charge  so  proportioned  will  vary  with  the 
bore.  The  proper  regulator  of  the  charge  is  the  length 
of  "  the  line  of  least  resistance,'*^  i.  e.  the  shortest  dis 
tance  from  the  bulk  of  the  powder  to  the  outside  of  the 
rock.  Thus  in  the  figure,  AB  being  the  hole  bored,  and 
B  the  powder,  BC  is  the  "  line  of  least  resistance,* 
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which  should  not  be  in  the  direction  Fi^  tg. 

of  the  hole  bored,  Thepropercharge 
depends  on  it,  and  not  at  all  on  the  ; 
depth  AB.  To  produce  similar  pro-  ^ 
portional  results  in  different  blasts, 
the  charges  must  be  as  the  cubes  of 
'the  respective  lines  of  least  resist- 
ance. Thus,  if  four  ounces  of  pow- 
der will  just  suffice  to  blast  a  solid  rock  in  wliich  BC  is 
2  feel,  the  charge  for  another  in  which  BC  was  3  feet, 
would  be  given  by  the  proportion  2' :  4  :  :  3'  :  13^  ounces. 
On  these  data  the  following  table  is  formed." 


Ll,«rfle«t 

™^.CHD«. 

F«t.  Inclin. 

Lbi.  Ot 

F«t  lncb«. 

Lbi.  Oi. 

1        0 

0    Oi 

3    0 

1        « 

0     l\ 

4       6 

S  13i 

S      0 

3  l4 

3       6 

0     7? 

3       0 

0  13| 

10  ui 

3       6 

1     t.i 

8 

16     0 

The  following  table  will  also  be  found  very  convenient 


DItlDHIBIor 

«-'^- 

iBChaL 

Lta.    Oi. 

Lb,.      OZ. 

Inches. 

1 

0     0.419 

0     5.028 

38.197 

H 

0     0.S42 

0  11.30* 

16.976 

0     1.676 

1     4.113 

9.64d 

3i 

0    2.61R 

1   15.416 

6.113 

' 

0     3.770 

2   13.240 

4.244            1 

*Londoo  Mwhanici'  Magazine,  xxiiii.  597,  Dec  1810;  and  pn,<'«» 
Ami  fiapen  of  Rojil  Militarr  Enpnceis,  toI.  4 
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When  the  rock  is  siralilied, 
hjiviiig  beds  and  seams,  as  in 
the  figure,  holes  bored  paral- 
lel 10  the  joints  will  produce 
much  greater  effect  than  the 

When  a  rocky  surface  is  to 
be  cut  down  to  a  line  AB,  ihe  holei 


lid  be  oblique,  of 


in  the  figure  In  iomt,  cabts  a  horizontal  one,  from  B 
towards  A\^ould  be  advantageous 

On  a  high  fare  of  rock  a  system  of  undermming  may 
be  uiefull^  employed  by  blowing  out  a  mass  below  and 
remoiing  ibe  remaining  oserhanging  portion  by  crowbar*. 
wedges   &.c 

The  crater,  or  cavity  formed  by  an  explosion,  is  as- 
sumed to  be  a  truncated  cone,  which  has  its  inner  or  smaller 
diaineler  equal  to  half  the  diameter  of  the  mouth  of  the 
crater.  It  has  been  found  by  experiment  that  the  ouler 
diameter  of  the  crater  may  be  increased,  in  ordinary  soils, 
by  excessive  charges,  to  three  times  the  length  of  the 
'' line  of  least  resistance,"  but  nol  much  beyond  this  ;  and 
that  wiciiin  this  hinit  this  diameter  increases  nearly  in  the 
ratio  of  the  square  root  of  the  charge. 

The  most  unfavorable  situation  for  a  charge  is  where  a 
re-entering  angle  is  to  be  blown  out,  as  the  rock  all  around 
it  exerts  ■i.  powerfii'  -esisting  pressure.  The  charge  acede 
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be  proportionally  increased.     This  case  constantly  oc- 
curs in  blasting  out  narrow  passages. 

No  loud  report  should  be  heard,  nor  stones  be  thrown 
oul.  The  best  effect  is  produced  when  the  report  is 
t-rifling,  but  when  the  mass  is  lifted,  and  thoroughly  frac- 
t.ured,  without  the  projection  of  fragments.  If  the  rock 
\>e  only  shaken  by  a  blast,  and  not  moved  outwardly,  a 
second  charge  in  the  same  hole  will  be  very  effective. 

Any   kind  of  compact  brush,   such  as  pine  or  cedar 
1  roughs,   laid   on  rocks  about  to  be  blasted,  will  almost 
completely  prevent  the  flying  of  fragments,  and  thus  les- 
sen the  danger  to  persons  and  buildings  in  the  vicinity. 

The  safety  of  blastmg  operations  may  be  greatly  in- 
creased by  applying  galvanism  to  the  ignition  of  the 
powder,  which  can  then  be  effected  at  any  distance. 
By  its  aid  a  row  of  blasts  can  be  exploded  simultaiieousV> 
by  which  their  effective  power  is  greatly  increased.  In 
this  way,  a  single  blast,  of  nine  tons  of  powder,  contained 
in  three  cells,  removed  one  million  tons  of  rock  from  a 
cliff  at  Dover,  with  a  saving  of  $50,000 

EMBANKMENTS. 

Perfect  sohdity  is  the  great  desideratum  in  artificial 
road-making.  Every  precaution  must  therefore  be  em- 
ployed, in  forming  a  high  bank,  to  lessen  its  tendency  to 
slip.  From  the  space  which  the  bank  is  to  occupy,  all 
vegetable  or  perishable  matter,  and  all  porous  earth  and 
loose  stones,  should  be  removed.  On  this  space  the 
earth  is  then  deposited,  to  form  the  embankment,  which 
is  usually  made  of  full  height  at  its  commencement,  and 
is  extended  by  "  tipping"  earth  from  the  extremity,  and 
so  carried  out  on  a  level  with  the  top  surface.  But  an 
embankment  Uius  formed  will  be  deficient  in  compact 
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nos?  ;  for  the  particles  of  earth,  which  are  empued  tron 
ihf  lop  of  the  bank,  will  temporarily  slop  in  their  descent 
at  llie  point  of  the  slope  at  which  the  friction  becomes 
suiricient  to  balance  their  gravity  ;  and  when  more  earth 
comes  upon  them,  they  will  give  way  and  slide  lower 
down,  causing  the  portions  above  them  to  slip  and  crack, 
and  thus  delaying  for  a  long  time  the  complete  consoli- 
diition. 

This  method  is,  however,  cheap  and  rapid.  Its  rapid- 
ity will  be  increased  by  obtaining  more  "  tipping  places," 
;\'inch  can  be  effected  by  forming  the  bank  at  first  wider 

Fig.  79. 
d 


a. 


at  lop,  and  narrower  at  bottom,  than  it  is  finally  to  be, 
(i.  c.  forming  ahcd  instead  of  ABCD)  and  subsequently 
tiirowing  down  the  superfluous  earth  from  the  lop  to  give 
the  proper  width  at  bottom.* 

The  solidity  of  embankments,  which  are  made  by 
lipping  from  the  ends  may  be  increased  by  forming  the 
outside  portions  of  the  bank  first,  and  gradually  filling  up 
towards  the  middle,  so  that  the  earth  may  arrange  itself 
with  a  tendency  to  move  towards  the  centre,  if  at  all.t 

To  ensure  the  stability  of  embankments,  they  should, 
however,  be  formed  by  depositing  the  earth  in  successive 
layers  or  courses,  not  more  than  three  or  four  feet  thick; 
and  the  vehicles,  conveying  the  materials,  should  be  re« 


*  Laws  of  Excavation  and  Embankment  on  Railways,  pw  59 
t  Mahan,  p.  287. 
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quirea  to  pass  over  the  bank  at  each  trip,  so  as  to  com- 
press the  earth.     If  the  case  warranted  the  expense,  each 
course  might  with  advantage  be  well  rammed.     To  les 
sen  the  danger  of  slips,  the  layers  should  be  made  some- 
Fig.  80. 


what  concave,  as  in  Fig.  80.     If  made  convex,  as  in  the 
next  figure,  and  as  they  are  apt  to  become,  in  the  most 

Fig.  81. 


natural  mode  of  forming  them,  portions  would  tend  to 
slip  off  in  the  direction  of  the  layers,  while  the  arrange- 
ment of  concave  layers  would  resist,  instead  of  assisting, 
any  slip.  A  framework  of  timber  has  sometimes  been 
inserted  in  a  bank  to  bind  it  more  firmly  together. 

An  embankment  should  always  be  formed  at  first  of  its 
full  width,  and  not,  from  a  mistaken  economy,  be  at  first 
made  narrow,  to  be  subsequently  increased  by  lateral  ad- 
ditions ;  for  the  new  portion  will  never  unite  perfectly 
with  the  old. 

At  the  foot,  or  "  toe,"  of  the  bank,  a  slight  excavation 
may  be  made  to  resist  its  tendency  to  spread,  or  a  low 
but  massive  stone  wall  may  be  there  erected. 

The  slopes,  like  those  of  excavations,  should  be  grassed, 
or  sodded.  If  exposed  to  the  action  of  water,  a  row 
of  planks,  grooved  and  tongued,  and  sharpened  at  bottom, 
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once  evenly  distributed,  by  being  emptied  from  each  in 
turn,  thus  saving  much  subsequent  levelling. 

Barrow-wheeling  becomes  too  expensive  after  reaching 
a  certain  limiting  distance  of  transportation.  The  frequenl 
neglect  of  this  consideration  leads  to  much  waste  of  laboi. 
When  earth  is  to  be  conveyed  great  distances,  carts  or 
wagons  should  be  employed.  The  limit  is  determined 
by  a  combination  of  the  cost  of  filling  and  of  transporting. 
The  table  on  page  128,  makes  it  100  feet;  the  limit  in 
France,  witli  barrows  containing  2V  of  a  cubic  yard,  should 
be  200  feet;  on  Englisli  works,  with  barrows  holding  yV 
of  a  cubic  yard,  the  limit  is  300  feet.  The  limiting  dis- 
tance becomes  smaller  as  the  height  to  which  the  earth 
is  Mioved  becomes  greater.* 

CARTS,    ETC. 

One-iiorse  carts  may  be  advantageously  employed  for 
distances  exceeding  tlie  sphere  of  barrows.  For  short 
distances,  the  greater  proportional  loss  of  time  in  filling 
them  more  than  balances  tlieir  economy  while  moving. 
They  should  be  made  very  light,  and  their  box  be  bal- 
anced on  a  pivot,  so  that  when  loaded  they  will  tend  to 
discharge  themselves.!  As  the  distance  increases,  tyfl^- 
ons,  drawn  by  two  horses,  become  cheaper,  and  a  tempo- 
rary railway  may  often  be  constructed  with  profit. 

When  the  length  of  the  lead,  {i.  e.  the  distance  from 
the  face  of  an  excavation  to  the  head  of  an  embankment) 
exceeds  1^  miles,  and  the  amount  of  earthwork  is  con- 
siderable, a  locomotive  engine  may  be  advantageously 
employed  to  draw  trains  of  wagons  upon  the  rails. 


*  Gayffier,  p.  159. 

t  When  horses  draw  loads  out  of  an  excavation,  the  inclination  of  tlieil 
Hack  should  not  exceed  1  in  20.     Dupin.    Applications  de  la  Geometric 
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ditches.  The  cross-drains  may  be  filled  with  broken 
stones,  (or  bushes,  if  they  will  always  remain  under  wa- 
ter, as  otherwise  they  will  decay,  and  cause  the  road  to 
sink)  and  on  this  foundation  the  embankment  maybe  raised. 
In  extreme  cases,  the  lower  portions  of  the  embank- 
ment must  be  formed  of  brush-wood,  arranged  ix^  fascines 
which  are  a  specific  remedy  against  water.  They  are 
formed  by  carefully  selecting  the  long,  straight,  and  slen- 
der branches  of  underwood,  and  tying  them  up  in  bundles, 
from  9  lo  12  inches  in  diameter,  and  from  10  to  20  feet 
long.  A  layer  of  these  fascines  is  laid  across  the  road  ; 
a  second  layer  in  the  direction  of  the  road  ;  and  so  on,  to 
as  great  a  thickness  as  may  be  required  to  raise  the  road- 
bed perfectly  high  and  dry.  Sharp  stakes  are  driven  at 
intervals  to  fasten  together  the  layers.  Poles,  or  young 
trees,  may  be  laid  across  every  other  course.  Upon  this 
platform  of  fascines  may  be  laid  large  flat  stones,  and  upon 
them  a  course  of  earth  and  gravel. 

SIDE-HILL    ROADS. 

When  a  road  runs  along  the  side  of  a  hill,  it  will  be 
most  cheaply  formed,  by  making  it  half  in  excavation  and 
half  in  embankment.     But  as  the  embankment  would  be 
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SPOIL-BANKS. 


The  spoil-banks,  formed  by  the  deposites  of  the  sll^ 
plus  earth  of  an  excavation,  are  usually  shaped,  as  in  the 

Fig.  75. 


figure,  with  side-slopes  of  1|  to  1.  If  the  land  which 
they  occupy  be  of  little  value,  it  will  be  economical  to  ex- 
tend them  along  the  line  AB,  making  them  wider  and 
lower  within  certain  limits  ;  since  vertical  transport  costs 
so  much  more  than  horizontal.*  The  solution  of  the 
problem  of  miminum  expense  shows  that  for  spoil-banks 
made  with  barrows,  (slopes  \\  to  1,  and  employing  the 
customary  ratio  of  18  to  1,  for  the  comparative  expense 
of  horizontal  and  vertical  transport)  the  base  AB  should 
he  fifteen  times  the  hcight.t 


SIDE-SLOPES. 


To  preserve  the  slopes  of  deep  excavations  from  benig 
gulHed  and  w^aslied  down  into  the  road,  a  ditch  should  be 
made  along  the  upper  edges  of  the  cutting,  in  order  to 
prevent  the  surface  water  of  the  neighboring  land  from 
reaching  it.  Upon  the  slopes  themselves  should  be  made 
ditches,  called  *'  Catch-water  drains,"  running  obliquely 
downwards,  to  receive  the  water  of  rams,  and  conduct  it 
into  the  side  ditches. 

The  side-slopes  may  be  advantageously  sown  with 
grnss-seed.     The  roots  of  the  grass  wull  bind  the  earth 


•  Sop  page  128  t  Gayffier,  p.  162 
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net)  it  may  rest  on  a  frame-work 
brined  of  liorizonlal  beams,  deep- 
y  let  into  the  face  of  the  pieci- 
3ice,  and  supported  at  their  outer 
snda  by  oblique  timbers,  the  low- 
3r  ends  of  which  rest  in  nolclies 
formed  in  the  rock. 


-  To  form  the  side-slopes  with 
precision,  to  the  proper  inclina- 
tion, a  simple  bevel,  "  bdtir-]eve\," 
or  "  clinometer,"  may  be  em- 
ployed with  great  adranlage.  It  consists  of  two  strips  of 
board,  AB,  AC,  fastened  to  each  other  at  right  angles 


Fig.  85. 


and    connected    by  a    third 

one,    CB.     When   the   de-  ^ 

sired  slope  is  2  to  1,  make 

AB  twice  the  length  of  AC. 

Place  C,  orB,  at  any  known 

point  of  the  slope ;    make  c^ 

AC  vertical  by  the  plumb-line;  and  then  will  BC  cojti 

cide  wiih  the  slope  desired. 

Another  implement  for  the  same  purpose  is  formed  ol 

1   single  strip  of  wood,  to  which  is  aitaclied  a  triangle 

Fig,  S6. 


.^ 
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be  dried  with  oakum  and  quicklime,  and  the  powder  en- 
closed in  a  waler-proof  cartridge.     The  proper  proportion 
of  powder  being  introduced  by  a  funnel  and  copper  tube, 
(so  that  none  may  adhere  to  the  side)  a  wadding,  of  hay, 
moss,  or  dry  turf,  is  placed  upon  it,  and  the  remainder  of 
the  hole  is  filled  with  some  packing  material.     This  is 
usually  sand,  but  by  far  the  best,  for  safety  and  efficiency, 
is  dried  clay,  rolled  into  balls  or  cyhnders,  and  dried  at  a 
smith's  forge,  as  much  as  can  be,  without  its  falling  to 
pieces.     Tiie  next  best  material  is  the  chippings  and  dust 
of  broken  brick,  moistened  slightly  while  being  rammed. 
An  inch  or  two  of  the  wadding  being  simply  pressed 
down  upon  the  powder,  the  filling  material  is  rammed,  or 
*'  tamped,"  with  a  copper  wire,  till  it  becomes  very  com- 
pact.    Through  it  passes,  from  the  powder  to  the  surface, 
some   means  of  ignition.      A  straw,  filled  with  priming 
powder,   and    ignited  by   a   slow   match,   was    formerly 
employed  for  this  purpose.     But  of  late  years  this  has 
been  generally,  and  should  be  universally,  superseded  by 
the  safety-fuse.     This  has  the  appearance  of  a  common 
tarred  rope,  and  is  so  prepared  that  the  length  of  it,  which 
will  burn  any  given  time,  can  be  exactly  known,  so  that 
no  premature  explosion  need  be  feared. 

The  proper  charge  of  powder,  ^nd  the  direction  of  the 
holes,  are  very  important,  both  for  efficiency  and  econo- 
my. The  usual  charge  is  one-third  of  the  depth  of  the 
hole  ;  but  such  a  rule  is  evidently  irrational,  for  the 
amount  of  a  charge  so  proportioned  will  vary  with  the 
bore.  The  proper  regulator  of  the  charge  is  the  length 
of  **  the  line  of  least  resist ance^'^'^  i.  e.  the  shortest  dis 
tance  from  the  bulk  of  the  powder  to  the  outside  of  the 
rock.  Thus  in  the  figure,  AB  being  the  hole  bored,  and 
B  the  powder,  BC  is  the  *'  Hne  of  least  resistance/ 


BLASTING.  IM 

which  Bhoulii  not  be  in  the  direclion  Fig  T6. 

of  the  hole  bored.  The  proper  charge 
depends  on  it,  and  not  at  all  on  the  ; 
depth  AB.     To  produce  similar  pro-  \V 
portional  results  In  different  blasts,     \^ 
tiie  charges  must  be  as  the  cubes  of 
ihe  respective  lines  of  least  resist-  ,^        ^,    v\;sm 

ance.     Thus,  if  four  ounces  of  pow-  '^^^v^X^^ 

der  will  just  suffice  to  blast  a  solid  rock  in  which  BC  is 
2  feel,  the  charge  for  another  in  which  BC  was  3  feet, 
would  be  given  by  the  proportion  2':4  :  :  3° :  13^  ounces, 
On  these  data  the  following  table  Is  formed." 


mlitua. 

Chnrfiei  at 
powder. 

Line  of  leasl 

ChariMor 
powder. 

Fesl.  Iiichei. 
1       0 

1  fi 

2  0 

2  6 

3  0 
3      6 

Ti 

0    4 

0     7 

0  13 

1  5 

Feet  Inchee. 
4 

4       6 
6 
6 
7 
8 

Ltii.Oz. 

5  0 
3  131 
3   141 

6  12 
10  11| 
16     0 

The  following  table  will  also  be  found  very  convenient 


■rs."' 

Pnwder  Id  niie 
InebufbDlv. 

ftoi  of  ho?" 

Oepll>"fholetoc™uiln 
onelb.Qfi»waBr. 

Incbei. 

1 

I' 

Lbs.    Oi. 
0     0.419 
0     0.942 
0     1.676 
0     2.618 
0     3.770 

Lbe.      Oi. 
0     5.028 

0  11.304 

1  4.112 
1   15.416 
S   13.210 

Inthes. 
38.197 
16.976 

g.549 

6.112 

4.244            1 

Iiondoa  Heobanici'  Magazine,  xxxjii.  597,  Dec  !&10 ;  a 
«f  Royal  HilitaiT  EDKineers,  vol.  4 
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EXCAVATION. 

The  excavation  and  removal  of  earth  is  performed,  ac* 
cording  to  circumstances,  by  ploughs,  scrapers,  barrows, 
carts,  wagons,  &c.,  each  of  which  will  be  successively 
considered. 

LOOSENING. 

Most  earth  will  require  to  be  loosened  with  ploughs, 
spades,  or  picks,  before  being  shovelled  into  the  barrow, 
or  cart,  in  wliicli  it  is  to  be  removed.  The  side-hill 
plough  possesses  some  advantages.  The  picks  should 
l)c  two  feet  from  pouil  to  point,  not  more  than  ten  or 
twelve  pounds  in  weight,  and  very  deep  and  strong  in  the 
eye,  or  socket  of  the  handle.  Light  and  loose  soil  may 
iiowever,  be  at  once  taken  up  with  the  shovel. 

When  the  excavation  is  deep,  the  loosening  may  be  fa- 
cilitated, with  a  great  saving  of  time  and  labor,  by  digging 
a  narrow  channel  to  a  depth  of  five  or  six  feet,  and  under 
mining  the  face  of  the  bank  thus  formed,  letting  it  fall  al 
once  into  the  barrows,  or  carts,  beneath  it.  Its  disruption 
is  hastened  by  wedges  driven  into  its  upper  surface.  The 
concussion  of  the  fall  breaks  up  the  mass  into  small  pieces, 
with  great  economy,  but  not  without  danger  to  the  work- 
men. 

In  the  ordinary  excavation,  in  which  the  earth  is  dug 
up,  the  united  cohesion  and  weight  must  both  be  ovei- 
come  ;  in  the  method  just  described,  the  weight  assists  in 
overcoming  the  cohesion.  Representing  the  force  of  co- 
licsion  by  3,  and  that  of  the  weight  by  2  ;  if  both  are  to 
be  overcome,  as  m  the  usual  method,  their  resistance  will 
be  3  +  2=5;  while  if  the  weight  be  made  lo  assist  the 
workman,  the  resistance  will  be  only  3  —  2  =  1. 


Hleaiu  lias  been  applied  lo  cicuvaliOii,  and  a  3i«r:.i« 

construe  lot  I,  wlikh  can  dig  ajid  loiui  I'N.tO  cub,c  yirOi  pKi 
(lay,  ill  favorable  soil  at  an  anmiaj  asi,  jji'-lj-^'*  i'S^:- 
est,  wear  and  tear,  labor,  &c.,  of  47 .500   ir^t  :i j  Ui* 


SCRAPER  OK  acrKT. 
This  iniplciiicnt  maybe  used  wi-.i^  rjic:;  k:iL.:Ui*. 
when  tiie  earlb  yields  readily  to  tie  r^o-g-^  l:,;  .t  -jm.  „ 
be  moved  more  than  100  feet  'L',r.z-^'A..y.  !■■-  :■.  ■.. 
rnised  lo  venical  heights  of  more  ■.:.■.-.  ','  :*'■  m...^- 
lliese  Urnits  mav  somelimes  rje  eice*;^;  ,  -.;  -ji:.-.  . 
tliu  Ijaiiks  which  it  form?,  shii.l;  :,■/.  -.-t  »■.■■.:  ;i^:  .-.«.:  . . 
to  1.     It  usually  conlair.s  j\  ;:'  a   :.•■.-,   lu-:  * 


1  lUd  CKAicr,  Lill 
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again  as  soon  as  the  handles  are  released  upon  its  bemg 
filled.  Il  then  runs  with  slight  resistance  upon  two  con- 
vex iron-shod  runners,  which  project  slightly  beyond  its 
bottom,  and  is  thus  drawn  to  the  place  of  deposite.  At 
that  point  the  driver  raises  the  handles  ;  its  front  edge 
calciies  in  the  earth,  and  its  forward  motion  overturns  it, 
i.nd  discharges  its  load.  The  horses  keep  moving;  and 
the  scoop  is  dragged  hack  to  the  place  of  excavation,  in 
its  inverted  position,  the  handles  resting  on  the  tree.  It 
is  there  loaded,  6cc.,  as  before. 

BARROW-WHEELIx\G. 

For  excavations  of  moderate  depths,  and  for  distanccb 
within  certain  limits,  ba/Toivs  are  most  conveniently  em 
ployed.  To  facilitate  cm  plying  their  contents,  the  bar 
rows  are  made  very  shallow,  with  splaying  sides,  and  with 
a  very  short  axis  to  the  wheel.  They  contain  from  ■^\  to 
,-';j  of  a  cul)ic  yard.  They  are  wheeled  on  "runs"  of 
plank,  (as  long  and  thick  as  possible)  laid  on  the  ground, 
or  supported  on  trestles,  or  horses,  numerous  enough  to 
prevent  vibration.  When  the  tracks  are  inclined,  as  ip 
ascending  from  a  deep  excavation,  they  should  be  laid 
witli  a  slope  of  one  in  twelve.*  A  steeper  slope  fatigues 
the  workman  excessively ;  a  flatter  one  increases  too 
much  the  ienotli  of  his  route.  The  same  man  does  not 
usually  dig,  shovel,  and  wheel,  but  great  advantages  are 
obtained  by  a  division  of  labor.  One  man  picks,  (if  that 
be  required)  a  second  shovels  into  the  barrow  which  stands 
on  the  edge  of  the  excavation,  and  a  third  wheels  the  bar- 
row to  the  place  of  deposite,  or  to  the  next  "  stage,"  ac- 
cording to  the  distance.     In  the  latter  case,  at  the  end  of 

*  DupiN.     Applications  de  la  Geometrie. 
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tlie  **  Stage,"  he  meets  another  wheeler,  returning  with  an 
ennply  barrow.  The  two  there  exchange  their  barrows  ; 
the  second  man  wheels  on  the  loaded  one  over  another 
stage,  while  the  first  man  returns  with  the  empty  barrow 
to  the  excavation,  where  he  finds  a  loaded  one,  which  has 
been  filled  during  his  absence ;  and  so  the  circulation 
continues. 

The  length  of  the  "stage"  should  be  such,  that  the 
tinne,  taken  by  the  wheeler  to  travel  over  it  with  a  loaded 
barrow,  and  to  return  with  an  empty  one,  should  be  just 
sufficient  to  enable  the  shoveller  to  fill  the  barrow  left  at 
the  excavation.  It  should  vary  therefore  with  the  nature 
of  the  soil ;  lessening,  if  this  be  easily  worked,  and  in- 
creasing, if  it  offer  greater  resistance.  On  a  level  the 
length  of  a  stage  is  usually  from  60  to  100  feet.  On  an 
ascent  of  1  in  12,  it  should  be  diminished  by  one-third  ; 
on  a  similar  descent  it  should  be  increased  by  the  same  ; 
for  with  this  slope  the  labor  on  an  ascent  of  60  feet  ex- 
actly equals  a  level  stage  of  90  feet.* 

If  the  distance  were  not  divided  into  stages,  and  one 
man  wheeled  his  barrow  the  entire  length,  a  number  of 
runs  would  require  to  be  laid  from  the  excavation.  Such 
an  arrangement  would  be  inconvenient,  from  its  blocking 
up  the  work,  and  expensive,  from  the  cost  of  the  plank. 
At  the  point  where  the  run  terminates  in  the  excavation, 
two  planks  are  placed,  diverging  like  the  letter  Y,  the 
full  and  the  empty  barrow  being  wheeled  on  each  alter- 
nately. At  the  meeting  of  two  stages,  a  double  track  is 
laid,  to  form  a  turning-out  place  for  the  exchange  of  the 
barrows.  At  the  place  of  deposite,  several  planks  should 
radiate  from  the  main  track,  so  that  the  earth  may  be  at 


•  Dupin.     Applications  dc  la  Geometric. 
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once  evenly  distributed,  by  being  emptied   from  each  in 
turn,  thus  saving  much  subsequent  levelling. 

Barrow-wheeling  becomes  too  expensive  after  reaching 
a  certain  limiting  distance  of  transportation.  The  frequent 
lioglect  of  this  consideration  leads  to  much  waste  of  lahoi. 
When  earth  is  to  be  conveyed  great  distances,  carts  or 
wagons  should  be  employed.  The  limit  is  determined 
by  a  combination  of  the  cost  of  filling  and  of  transporting. 
The  table  on  page  128,  makes  it  100  feet;  the  limit  in 
i'rance,  with  barrows  containing  oV  ^^  ^  cubic  yard,  should 
l)c  200  feet;  on  English  works,  with  barrows  holding  yV 
of  a  cubic  yard,  the  limit  is  300  feet.  The  limiting  dis- 
tance becomes  smaller  as  the  height  to  which  the  earth 
is  moved  becomes  greater.* 

CARTS,    ETC 

One-horse  carts  may  be  advantageously  employed  for 
distances  exceeding  the  sphere  of  barrows.  For  short 
tlistances,  the  greater  proportional  loss  of  time  in  filling 
tlicni  more  than  balances  their  economy  while  moving. 
They  should  be  made  very  light,  and  their  box  be  bal- 
anced on  a  pivot,  so  that  when  loaded  they  will  tend  to 
iliscliargc  themselves.!  As  the  distance  increases,- w;ag'- 
0//.9,  drawn  by  two  horses,  become  cheaper,  and  a  tempo- 
rary railway  may  often  be  constructed  with  profit. 

Wlien  the  length  of  the  lead^  (i.  e.  the  distance  from 
tiie  face  of  an  excavation  to  the  head  of  an  embankment) 
exceeds  1|  miles,  and  the  amount  of  earthwork  is  con- 
siderable, a  locomotive  engine  may  be  advantageously 
employed  to  draw  trains  of  wagons  upon  the  rails. 

*  Gayffier,  p.  159. 

t  When  horses  draw  loads  out  of  an  excavation,  the  inclination  of  tlieil 
Hack  should  not  exceed  1  iu  20.     Dupin.    Applications  de  la  Oeometrie 
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••  Casting  up  hy  stages^'  is  a  method  sometimes  em- 
ployed for  removing  the  earth  from  deep  excavations.  A 
scaffold  is  prepared  with  a  number  of  platforms,  each  five 
feet  above  the  other,  and  each  successive  one  receding, 
like  the  steps  of  a  staircase.  On  each  platform  stands  a 
man  with  a  shovel.  The  laborer  in  the  excavation  throws 
the  earth  upon  the  first  platform  ;  the  man  there  stationed 
throws  it  up  to  the  second  ;  and  so  on  in  succession  till  it 
reaches  the  surface. 

Horse-runs  are  also  resorted  to  in  very  deep  excava- 
tions, where  the  banks  are  necessarily  very  high  and  steep. 
Upon  the  slope  of  the  bank  are  placed  two  plank  **  runs," 
or  tracks,  reaching  from  the  top  to  the  bottom  of  the  ex 
cavation.  The  distance  between  them  must  be  a  little 
greater  than  the  depth  of  the  excavation.  At  the  top  of 
each  is  a  pulley,  over  which  plays  a  rope,  the  ends  of 
which  pass  down  the  runs.  Each  end  of  the  rope  is 
fastened  to  the  front  of  a  barrow,  and  its  length  is  so  ad- 
justed that  one  barrow  will  be  at  the  top  of  one  run,  while 
the  other  barrow  is  at  the  bottom  of  the  other  run.  x\t 
the  top  of  the  excavation,  a  horse,  attached  to  the  rope, 
travels  horizontally,  alternately  raising  one  barrow,  which 
has  been  filled  below,  and  lowering  the  other,  which  has 
been  emptied  at  the  top.  A  man  has  hold  of  each  bai- 
row  to  guide  it  in  its  ascent  and  descent,  the  weights  of 
the  men  balancing  each  other.  This  method  is  advan- 
tageous for  depths  exceeding  20  feet.*  The  use  of  bar- 
rows in  such  cases,  with  the  proper  inclinations  for  the 
runs  would  require  too  great  a  distance  to  be  travelled 
over. 


•  Gauthcy,  ii.  197. 
11 
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excavation  to  the  embankment  by  the  shortest  dist£ince,  in 
the  shortest  time,  and  at  the  least  expense." 

It  must  also  be  deposited  so  as  to  form  a  consolidated 
mass,  and  so  that  not  •  particle  of  it  will  need  to  be  again 
moved. 

The  problem  is  very  important  in  practice,  for  upon  its 
mode  of  solution  depends  a  large  portion  of  the  cost  of 
the  work ;  and  in  theory,  it  requires  the  aid  of  the  higher 
Calculus,  since,  to  satisfy  its  conditions,  the  sum  of  the 
products,  arising  from  multiplying  all  the  elementary  vol- 
umes of  earth  into  the  distances  which  they  are  carried, 
must  be  a  minimum. 

We  have  seen,  on  page  123,  that  in  the  sinaplest  case, 
that  in  which  the  whole  of  one  excavation  is  to  be  carried 
into  one  embankment,  we  may  use  the  product  of  the 
entire  mass  multiplied  by  the  distance  of  the  centres  of 
gravity  of  its  two  positions.  But  when  certain  portions 
of  a  cutting  are  to  be  deposited  in  spoil-banks;  others  to 
form  part  of  an  embankment,  of  which  the  remainder  is 
to  be  obtained  from  side-cuttings  ;  &c.,  it  does  not  appear 
a  priori  what  arrangement  would  give  a  minimum  ex- 
pense. Jn  a  few  cases  the  proper  course  is  evident ;  as, 
if  a  hill  is  to  be  cut  down,  and  its  materials  serve  only  to 
fill  up  a  valley,  and  are  in  excess,  the  excavation  from  its 
summit  is  clearly  the  portion  to  be  deposited  in  spoil- 
bank  ;  if  the  materials  are  insufficient  to  form  the  em- 
bankment, it  is  the  part  most  distant  from  the  hill  which 
should  be  formed  from  a  side-cutting  ;  if  the  excavation  is 
to  be  carried  in  two  different  directions  and  is  in  excess, 
it  is  the  part  of  the  middle  which  should  be  rejected  and 
deposited  in  spoil-bank. 

One  general  principle  of  transport  may  be  readily  de 
duced.     Let  ABCD  represent  the  plan  of  an  excavation 
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Fig.  70. 
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from  which  the  embankment  EFGH  is  to  be  formed.  If 
the  volume  CDifc,  instead  of  being  taken  to  GHZm,  should 
be  transported  to  EFon,  it  follows  that  the  embankment 
GH/wi  must  be  obtained  from  a  portion  of  the  excavation 
beyond  the  line  iky  and  that  the  paths  of  the  two  volumes 
will  cross  each  other,  which  is  therefore  a  disadvantageous 
disposition,  since  it  increases  the  distances  passed  over. 
Any  such  crossing  of  the  paths  of  the  volumes  trans- 
ferred, either  horizontally  or  vertically,  may  be  generally 
avoided  by  conceiving  the  solids  of  excavation  and  em- 
bankment to  be  intersected  by  parallel  planes,  such  as 
DCHG,  ik,  Im,  &c.,  and  by  transferring  the  partial  solids 
in  the  manner  indicated  by  the  boundaries  marked  out  by 
these  planes. 

In  many  cases  the  most  economical  distribution  of  the  earth, 

can  be  determined  only  by  p-     ^-^ 

a    special      construction.  ^^^^^ 

Tlius   in  the  figure,  sup-       C~^^^^:^  -—  '"^fi 

pose   that  earth  is  to  be 

taken  from  A  and  B  to 

form  embankments  at   C 

and  D;  it  is  required  to 

know  which  should  form 

the  embankment  at  C,  and 

which  that  at  D.    To  bring 

the  case  within  the   ap- 

plicatioo  of  the  principle 
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with  base  and  height  corresponding  to  those  of  the  de- 
sired slope.  When  a  spirit-level,  resting  upon  the  top  of 
this  triangle,  is  horizonlal,  the  inclined  strip  will  coincide 
witii  the  slope  sought. 

A  more  general  **  Clinometer"  is  shown  in  the  accom- 
panying figure.     It  consists  of  a  spirit-level,  moveable  on 

Fig.  87 


a  pivot,  which  is  the  centre  of  a  quadrant  divided  into  de- 
grees. To  measure  a  slope,  place  the  bar  upon  it,  and 
turn  the  level  till  the  bubble  is  in  its  centre.  The  read- 
ing at  the  top  of  the  level  will  indicate  the  inclination  of 
the  slope.  To  increase  its  portability,  the  long  bar 
doubles  up  on  a  hinge  in  its  middle.* 

To  shape  the  tops  of  the  embankments,  and  the  bot- 
toms of  the  cuttings,  in  accordance  with  the  desired  pro- 
file of  the  road,  attach,  to  the  under  side  of  a  common 


*  Simmf?  on  Levelling^,  p  96 
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mason's  level,  a  triangle  ABC,  with  its  base  and  height 
so  proportioned  as  to  correspond  to  the  "  crowning"  of  the 
road  ;  1  in  24  for  example.  Or,  instead  of  the  triangle, 
gauges  of  different  lengths,  moveable  on  thumb-screws, 
may  be  made  to  project  below  the  level,  to  proper  deptlis.* 

2.  MEOHANIOAL  STRUOTXTRES. 

Under  this  head  are  included  the  bridges,  culverts,  and 
other  works  of  the  mason  and  carpenter,  which  are  re 
quired  for  the  purposes  of  the  road. 


BRIDGES. 


The  most  simple  and  natural  form  of  a  bridge  consists 
of  two  timbers,  laid  across  the  stream,  or  opening,  which  is 
to  be  passed  over,  and  covered  with  plank  to  form  the 
road-way.  Walls  should  be  built  to  support  each  end  of 
the  timbers,  and  are  named  the  abutments.  The  width 
ot  the  opening  which  they  cross  is  termed  the  stretch,  or 
bay.  The  timbers  themselves  are  the  string-pieces. 
Their  number  and  size  must  of  course  increase  with  the 
dtretch.     For  a  stretch  of  16  feet,  they  should  be  about 


*  Pamell,  p.  261, 
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15  inches  deep  by  8  broad,  and  be  placed  at  intervals  ol 
about  2  feet.*  The  greatest  weight  which  can  come  upon 
them  is  when  the  surface  of  the  bridge  is  covered  with 
men  standing  side  by  side,  and  is  then  equal  to  120  lbs.  per 
square  foot  of  surface,  independently  of  the  weight  of  the 
materials.     Recent  experiments  make  this  only  70  lbs. 

This  simple  construction  is  only  applicable  to  short 
stretclics.  For  spaces  of  greater  width,  supports  from 
the  bottom  of  the  opening  may  be  placed  at  proper  inter* 
vals.  Tiiey  may  be  piers  of  masonry,  or  upright  props  oi 
shores  of  timber,  properly  braced,  and  supported  on  piles, 
if  the  foundation  be  insecurjp.     They  will  divide  the  long 


Fig.  89. 
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slrclcli   into  a  luuiiber  of  shorter  ones,  and  support  the 
ends  of  the  timbers  by  which  each  of  them  is    spanned. 

But  if  the  opening  be  deep,  or  occupied  by  a  rapid 
stream,  it  is  very  desirable  to  avoid  the  use  of  any  sucJi 
obstructions.  Means  must  therefore  be  devised  for 
strengthening  the  beams,  so  as  to  enable  them  to  span 
larger  openings.  This  may  be  effected  by  supports  from 
below,  or  from  above. 

Of  sujyports  from  below,  the  simplest  are  shorter  tim 
pers,  {bolsters,  or  corbels)  placed  under  the  main  ones 

♦  Tredgold's  Cai-peni  v,  p.  1 48.   Tliis  gives  a  great  siirph  s  of  strengtK 


BRIDGES. 


175 


to  wliich  they  are  Pw*  ^ 

firmly*  boiled,  and    ^ 

projecting      about  ''^'^'^/^''^ 
one-third    of    the 
stretch.    This  will 
considerably      in- 
crease the  stiffness. 

Still  more  effective  are  oblique  braces,  or  "struts," 
supporting  the  middle  of  the  beam,  and  resting,  at  their 

Fig.  91* 


lower  ends,  in  "  shoulders,"  cut  into  the  abutments.    Sim- 
ilar braces  may  be  applied  to  the  "  bolsters"  of  Fig.  90. 
As  the  span  increased,  these  braces  would  become  sc 

Fig.  92. 


oblique  as  to  lose  much  of  their  efficiency.  A  straining' 
piece  is  therefore  interposed  between  them.  Thirty-five 
feet  may  thus  be  spanned. 

For  longer  stretches,  the  bolsters,  braces,  and  straining- 
beams  may  be  combined,  as  in  Fig.  93.     The  principle  of 

thie  mctliod  may  be  extended  to  very  wide  openings. 
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iicss  ;  for  the  particles  of  earth,  which  are  erapiied  irom 
the  lop  of  the  bank,  will  temporarily  stop  in  their  descent 
at  the  point  of  the  slope  at  which  the  friction  becomes 
siifficienl  to  balance  their  gravity  ;  and  when  more  earth 
comes  upon  them,  they  will  give  way  and  slide  lower 
down,  causing  the  portions  above  them  to  slip  and  crack, 
and  thus  delaying  for  a  long  time  the  complete  consoli- 
dation. 

This  method  is,  however,  cheap  and  rapid.  Its  rapid- 
ity will  be  increased  by  obtaining  more  '*  tipping  places," 
which  can  be  effected  by  forming  the  bank  at  first  wider 

Fig.  79. 
d      D 
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at  top,  and  narrower  at  bottom,  than  it  is  finally  to  be, 
(i.  e.  forming  ahcd  instead  of  ABCD)  and  subsequently 
throwing  down  the  superfluous  earth  from  the  top  to  give 
the  proper  width  at  bottom.* 

The  solidity  of  embankments,  which  are  made  by 
tipping  from  the  ends  may  be  increased  by  forming  the 
outside  portions  of  the  bank  first,  and  gradually  filling  up 
towards  the  middle,  so  that  the  earth  may  arrange  itself 
with  a  tendency  to  move  towards  the  centre,  if  at  all.t 

To  ensure  the  stability  of  embankments,  they  should, 
however,  be  formed  by  depositing  the  earth  in  successive 
layers  or  courses,  not  more  than  three  or  four  feet  thick; 
and  the  vehicles,  conveying  the  materials,  should  be  re« 


*  Laws  of  Excavation  and  Embankment  on  Railways,  pu  59 
t  Mahan,  p.  287. 
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quirea  to  pass  over  the  bank  at  each  trip,  so  as  to  com- 
press the  earth.     If  the  case  warranted  the  expense,  each 
course  might  with  advantage  be  well  rammed.     To  les 
sen  the  danger  of  slips,  the  layers  should  be  made  sonie- 

Fig.  80. 
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what  concave,  as  in  Fig.  80.     If  made  convex,  as  in  the 
next- figure,  and  as  they  are  apt  to  become,  in  the  most 

Fig.  81. 


natural  mode  of  forming  them,  portions  would  tend  to 
slip  off  in  the  direction  of  the  layers,  while  the  arrange- 
ment of  concave  layers  would  resist,  instead  of  assisting, 
any  slip.  A  framework  of  timber  has  sometimes  been 
inserted  in  a  bank  to  bind  it  more  firmly  together. 

An  embankment  should  always  be  formed  at  first  of  its 
full  width,  and  not,  from  a  mistaken  economy,  be  at  first 
made  narrow,  to  be  subsequently  increased  by  lateral  ad- 
ditions ;  for  the  new  portion  will  never  unite  })erfectly 
with  the  old. 

At  the  foot,  or  "  toe,"  of  the  bank,  a  slight  excavation 
may  be  made  to  resist  its  tendency  to  spread,  or  a  low 
but  massive  stone  wall  may  be  there  erected. 

^riie  slopes,  like  those  of  excavations,  should  be  grassed, 
or  sodded.  If  exposed  to  the  action  of  water,  a  row 
of  planks,  grooved  and  tongued,  and  sharpened  at  bottom, 
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ness  ;  for  the  particles  of  earth,  which  are  empiied 
the  lop  of  the  bank,  will  temporarily  stop  in  their  descent 
at  the  point  of  the  slope  at  which  the  friction  becomes 
sufficient  to  balance  their  gravity  ;  and  when  raore  earth 
comes  upon  them,  they  will  give  way  and  slide  lower 
down,  causing  the  portions  above  them  to  slip  and  crack, 
and  thus  delaying  for  a  long  time  the  complete  consoli- 
dation. 

Tliis  method  is,  however,  cheap  and  rapid.  Its  rapid- 
ity will  be  increased  by  obtaining  more  '*  tipping  places," 
which  can  be  effected  by  forming  the  bank  at  first  wider 

Fig.  79. 


at  top,  and  narrower  at  bottom,  than  it  is  finally  to  be, 
(i.  e.  forming  ahcd  instead  of  ABCD)  and  subsequently 
throwing  down  the  superfluous  earth  from  the  top  to  give 
the  proper  width  at  bottom.* 

The  solidity  of  embankments,  which  are  made  by 
tipping  from  the  ends  may  be  increased  by  forming  the 
outside  portions  of  the  bank  first,  and  gradually  filling  up 
towards  the  middle,  so  that  the  earth  may  arrange  itself 
with  a  tendency  to  move  towards  the  centre,  if  at  all.t 

To  ensure  the  stability  of  embankments,  they  should, 
however,  be  formed  by  depositing  the  earth  in  successive 
layers  or  courses,  not  more  than  three  or  four  feet  thick: 
and  the  vehicles,  conveying  the  materials,  should   be  re« 


♦  Laws  of  Excavation  and  Embankment  on  Rail>vay8,  p.  59 
t  Mahan,  p.  287. 
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quirea  to  pass  over  the  bank  at  each  trip,  so  as  to  com- 
press the  earth.     If  the  case  warranted  the  expense,  each 
course  might  with  advantage  be  well  rammed.     To  les 
sen  the  danger  of  slips,  the  layers  should  be  made  some- 
Fig.  80. 


what  concave,  as  in  Fig.  80.     If  made  convex,  as  in  the 
next  figure,  and  as  they  are  apt  to  become,  in  the  most 
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natural  mode  of  forming  them,  portions  would  tend  to 
slip  off  in  the  direction  of  the  layers,  while  the  arrange- 
ment of  concave  layers  would  resist,  instead  of  assisting, 
any  slip.  A  framework  of  timber  has  sometimes  been 
inserted  in  a  bank  to  bind  it  more  firmly  together. 

An  embankment  should  always  be  formed  at  first  of  its 
full  width,  and  not,  from  a  mistaken  economy,  be  at  first 
made  narrow,  to  be  subsequently  increased  by  lateral  ad- 
ditions ;  for  the  new  portion  will  never  unite  })erfectly 
with  the  old. 

At  the  fool,  or  "  toe,"  of  the  bank,  a  slight  excavation 
may  be  made  to  resist  its  tendency  to  spread,  or  a  low 
but  massive  stone  wall  may  be  there  erected. 

'J'he  slopes,  like  those  of  excavations,  should  be  grassed, 
or  sodded.  If  exposed  to  the  action  of  water,  a  row 
of  planks,  grooved  and  tongued,  and  sharpened  at  bottom, 
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should  be  driven  al  their  fool,  forming  a  ^^  sheet-piling t^ 
^nd  the  slopes  themselves  should  be  protected  with  a 
*  slope-wall,^'  composed  of  rough  stones,  from  one  to  two 
feet  thick,  laid  without  mortar,  with  their  faces  at  right 
angles  to  the  slope,  and  **  breaking  joints"  as  perfectly  as 
possible.  To  prevent  their  being  thiown  out  of  place  by 
the  swelling  and  heaving,  which  is  caused  by  the  freezing 
of  the  rain-water  retained  by  the  clayey  material  of 
which  an  embankment  may  be  composed,  a  layer,  one  or 
two  feel  thick,  of  coarse  gravel,  should  be  placed  on  the 
slope  before  laying  the  stone  facing,  so  that  the  rain-wa 
tcr  can  at  once  pass  through  this  porous  coating.  At  the 
foot  of  the  slope,  an  '*  apron,"  or  mass  of  loose  stones 
may  be  deposited,  • 

SWAMPS    AND    BOGS. 

When  an  embankment  is  to  be  made  through  a  swamp 
bog,  marsh,  or  morass,  many  precautions  are  necessary. 

If  the  bog  be  less  than  four  feet  deep,  and  have  a 
solid  bottom,  all  the  soft  matter  should  be  removed,  and 
an  embankment  raised  upon  the  liard  bottom. 

If  it  be  deeper,  but  not  very  soft,  the  surface  maybe 
covered  with  two  rows  of  swarded  turf;  the  lower  being 
laid  with  its  grassy  face  downward,  the  other  with  that 
face  upward,  and  the  embankment  raised  upon  them. 

When  the  swamp  is  deep  and  fluid,  thorough  draining 
is  the  first  and  most  important  point.  On  each  side  of 
the  road,  wide  and  deep  ditches  must  be  cut,  to  collect 
the  surface  water,  and  to  carry  it  off  into  the  natural  wa- 
ter-courses. Numerous  smaller  ditches  must  be  cut,  at 
short  intervals,  across  the  road-way,  from  one  main  drain 
to  the  otiier,  descending  both  ways  from  the  centre.  This 
operation  wi^^  consolidate  tlie  surface  between  the  main 


8IDE-IIILL   ROADS.  169 

ditches.  The  cross-drains  may  be  filled  with  broken 
stones,  (or  bushes,  if  they  will  always  remain  under  wa- 
ter, as  otherwise  they  will  decay,  and  cause  the  road  to 
sink)  and  on  this  foundation  the  embankment  maybe  raised. 
In  extreme  cases,  the  lower  portions  of  the  embank- 
ment must  be  formed  of  brush-wood,  arranged  u.  fascines 
which  are  a  specific  remedy  against  water.  They  are 
formed  by  carefully  selecting  the  long,  straight,  and  slen- 
der branches  of  underwood,  and  tying  them  up  in  bundles, 
from  9  to  12  inches  in  diameter,  and  from  10  to  20  feet 
long.  A  layer  of  these  fascines  is  laid  across  the  road  ; 
a  second  layer  in  the  direction  of  the  road ;  and  so  on,  to 
as  great  a  thickness  as  may  be  required  to  raise  the  road- 
bed perfectly  high  and  dry.  Sharp  stakes  are  driven  at 
intervals  to  fasten  together  the  layers.  Poles,  or  young 
trees,  may  be  laid  across  every  other  course.  Upon  this 
platform  of  fascines  may  be  laid  large  flat  stones,  and  upon 
them  a  course  of  earth  and  gravel. 

SIDE-HILL    ROADS. 

When  a  road  runs  along  the  side  of  a  hill,  it  will  be 
most  cheaply  formed,  by  making  it  half  in  excavation  and 
half  in  embankment.     But  as  the  embankment  would  be 


Fig.  82. 
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liable  to  slip,  if  simply  deposited  on  the  natural  surface  of 
the  ground,  the  latter  should  be  notched  into  steps,  or  off 
sets,  in  order  to  retain  the  earth.  In  adjusting  the  height 
of  the  made  ground,  an  allowance  should  be  ouide  for  it? 
subsequent  settling. 

If  the  surface  be  very  much  inclined,  both  the  cuttings 
and  fillings  will  need  to  be  supported  by  "retaining  walls," 

Fig.  83. 


which  may  be  laid  dry  if  composed  of  large  stones,  ox 
in  mortar.  The  proper  thickness  which  should  be  given 
to  them,  will  be  investigated  under  the  head  of  "  Me- 
chanical structures." 

If  the  side  hill  be  of  rock,  the  sleep  slope  at  which  that 
material  may  safely  be  cut,  will  enable  the  upper  wall  to 
be  dispensed  with. 

When  the  road  is  required  to  pass  along  the  face  of  a 
nearly  perpendicular  precipice,  at  a  considerable  height, 
(a  case  which  sometimes  occurs  in  passing  a  projecting 
point  of  the  rocky  bank  of  \  river  in  a  mountainous  di^ 


'       TRIHKINO    AND   SIIAPIHG. 

trict)-it  may  rest  on  a  frame-work 
formed  of  liorizuntal  beams,  deep- 
ly let  into  the  face  of  the  preci- 
pice, and  supported  at  their  outer 
ends  by  oblique  timbers,  the  low- 
er ends  of  which  rest  in  norches 
furmed  in  the  rock. 


-  To  form  the  side-slopfs  with 
precision,  to  the  proper  inclina- 
tion, a  simple  bevel,  "  Aatir-level," 
or  "  clinometer,"  may  be  em- 
ployed with  great  advantage.  It  consists  of  two  strips  of 
board,  AB,  AC,  fastened  to  eacli  other  at  right  angles 


Rg.B5. 


and   connected   by  a   tiiird 

one,   CB.     When   the   de-  ^ 

sired  slope  is  2  to  1,  make 

AB  twice  the  length  of  AC. 

Place  C,  or  B,  at  any  known 

point   of  the  slope;    make  qI' 

AC  vertical  by  the  plumb-line;  and  then  will  BC  com 

cide  with  the  slope  desired. 

Another  implement  for  the  same  purpose  is  formed  ol 
<i   single  strip  of  wood,  to  which  is  attached  a  triangle 

Ilg.  86. 


c^ 
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with  base  and  height  corresponding  to  those  of  the  de- 
sired slope.  When  a  spirii-Ievel,  resting  upon  the  top  of 
this  triangle,  is  horizontal,  the  inclined  strip  will  coincide 
with  the  slope  sought. 

A  more  general  *'  Clinometer"  is  shown  in  the  accom- 
panying figure.     It  consists  of  a  spirit-level,  moveable  on 


Fig.  87 


a  pivot,  which  is  the  centre  of  a  quadrant  divided  into  de- 
grees. To  measure  a  slope,  place  the  bar  upon  it,  and 
turn  the  level  till  the  bubble  is  in  its  centre.  The  read- 
ing at  the  top  of  the  level  will  indicate  the  inclination  of 
the  slope.  To  increase  its  portability,  the  long  bar 
doubles  up  on  a  hinge  in  its  middle.* 

To  shape  the  tops  of  the  embankments,  and  the  bot- 
toms of  the  cuttings,  in  accordance  with  the  desired  pro- 
file of  the  road,  attach,  to  the  under  side  of  a  common 

*  Sinims  on  Levelling^,  p  96 
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mason's  level,  a  triangle  ABC,  with  its  base  and  height 
so  proportioned  as  to  correspond  to  the  "  crowning"  of  the 
road  ;  1  in  24  for  example.  Or,  instead  of  the  triangle, 
gauges  of  different  lengths,  moveable  on  thumb-screws, 
may  be  made  to  project  below  the  level,  to  proper  depths.* 

2.  MEOHANIOAL  STRUCTURES. 

Under  this  head  are  included  the  bridges,  culverts,  and 
other  works  of  the  mason  and  carpenter,  which  are  re 
quired  for  the  purposes  of  the  road. 


BRIDGES. 

The  most  simple  and  natural  form  of  a  bridge  consists 
of  two  limbers,  laid  across  the  stream,  or  opening,  which  is 
to  be  passed  over,  and  covered  with  plank  to  form  the 
road-way.  Walls  should  be  built  to  support  each  end  of 
the  timbers,  and  are  named  the  abutments.  The  width 
ot  the  opening  which  they  cross  is  termed  the  stretch,  or 
bay.  The  timbers  themselves  are  the  string-pieces. 
Their  number  and  size  must  of  course  increase  with  the 
atretch.     For  a  stretch  of  16  feet,  they  should  be  about 


«  Pamell,  p.  261. 
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15  inches  deep  by  8  broad,  and  be  placed  at  intervals  ol 
aboiu  2  feel.*  The  greatest  weight  which  can  come  upon 
them  is  when  the  surface  of  the  bridge  is  covered  with 
men  standing  side  by  side,  and  is  then  equal  to  120  lbs.  per 
square  foot  of  surface,  independently  of  the  weight  of  the 
niaierials.     Recent  experiments  make  this  only  70  lbs. 

This  simple  construction  is  only  applicable  to  short 
ptretches.  For  spaces  of  greater  width,  supports  from 
the  bottom  of  the  opening  may  be  placed  at  proper  inter- 
vals. They  may  be  piers  of  masonry,  or  upright  props  oi 
shores  of  timber,  properly  braced,  and  supported  on  piles, 
if  the  foundation  be  insecurp.     They  will  divide  the  long 


I 


Fig.  89. 


x=i=i I    'j^ 


slretcii  inlu  a  number  of  shorter  ones,  and  support  the 
ends  of  the  timbers  by  which  each  of  them  is    spanned. 

But  if  the  opening  be  deep,  or  occupied  by  a  rapid 
stream,  it  is  very  desirable  to  avoid  the  use  of  any  sucli 
obstructions.  Means  must  therefore  be  devised  for 
strengthening  the  beams,  so  as  to  enable  them  to  span 
larger  openings.  This  may  be  eflfected  by  supports  from 
below,  or  from  above. 

Of  supports  from  below,  the  simplest  are  shorter  tim 
pers,  (bolsters,  or  corbels)  placed  under  the  main  ones 

♦  Tredg()ld'8  Cai*pen1  v,  p.  1 48.   Tliis  gives  a  gieat  siirph  s of  strenr*!* 
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to  which  they  are  Pif-  90. 

firmly*  bolted,  and 
projecting  about 
one-third  of  the 
stretch.  This  will 
considerably  in- 
crease the  stiffness. 

Still  more  effective  are  oblique  braces,  or  "struts," 
supporting  the  middle  of  the  beam,  and  resting,  at  their 

Fig,  91* 


lower  ends,  in  "  shoulders,"  cut  into  the  abutments.    Sim- 
ilar braces  may  be  applied  to  the  "  bolsters"  of  Fig.  90. 
As  the  span  increased,  these  braces  would  become  sc 

Fig.  92. 


oblique  as  to  lose  much  of  their  efficiency.  A  straining' 
piece  is  therefore  interposed  between  them.  Thirty-five 
feet  may  thus  be  spanned. 

For  longer  stretches,  the  bolsters,  braces,  and  straining- 
beams  may  be  combined,  as  in  Fig.  93.     The  principle  of 

thie  mctliod  may  be  extended  to  very  wide  openings. 

12 
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But  in  many  cases  supports  from  below  may  be  objec- 
lionable,  as  exerting  too  much  thrust  against  the  abul- 
menls,  and  being  liable  to  be  carried  away  by  freshets, 
&c.  The  beams  must  in  such  cases  be  strengthened  by 
supports  from  above 

The  simplest  form  of  such  is  shown  in  Fig.  94,  m 
which  the  horizontal  beam  is  supported   by  an  upright 

Fig.  94. 


king-post,"  to  which  it  is  attached  by  an  iron  strap, 

in  the  figure,  or  by  the  upright  **  king-post"  being 
med  of  two  pieces,  bolted  together,  and  enclosing  the 
im  between  them.     The  king-post  itself  is  supported 

the  oblique  braces,  or  "  struts,"  which  rest  against 

thes  in  the  horizontal  beam. 

ince  the  kinsj-posl  acts  as  a  suspending  tie,  an 


fiBlDGES. 
Fig.  95. 
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red  may  be  advantageously  substituted  for  it.  The  oblique 
braces  may  be  also  stiflfened  by  iron  ties,  binding  them  to 
the  main  timbers,  as  in  Fig.  95. 

For  longer  stretches,  a  straining  beam  may  be  intro- 

Fig.  96. 


duced  between  the  struts,  as  in  Fig.  96,  in  which  the 
posts  are  represented  as  enclosing  the  beam. 

For  bridges  of  greater  span,  and  more  complicated 
structure,  the  professional  assistance  of  a  civil  engineer 
should  be  secured.  On  bridges,  see  Appendix  F.  For 
data  and  formulas  for  calculating  the  strength  of  beams 
and  trusses,  see  Gillespie's  "  Strength  of  Materials  and 
Stability  of  Structures." 
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should  be  driven  al  their  foot,  forming  a  ^^  sheet-piling ^^ 
ind  the  slopes  themselves  should  be  protected  with  a 
*  slope-wall,'"  composed  of  rough  stones,  from  one  to  two 
fuel  thick,  laid  without  mortar,  with  their  faces  at  right 
angles  to  ihe  slope,  and  **  breaking  joints"  as  perfectly  as 
possible.  To  prevent  their  being  thiown  out  of  place  by 
the  swelling  and  heaving,  which  is  caused  by  the  freezing 
of  the  rain-water  retained  by  the  clayey  material  of 
which  an  embankment  may  be  composed,  a  layer,  one  or 
two  feet  thick,  of  coarse  gravel,  should  be  placed  on  the 
slope  before  laying  the  stone  facing,  so  that  the  rain-wa 
tcr  can  at  once  pass  through  this  porous  coaling.  At  the 
foot  of  the  slope,  an  ''  apron,"  or  mass  of  loose  stones 
may  be  deposited.  • 

SWAMPS    AND    BOGS. 

When  an  embankment  is  to  be  made  through  a  swamp 
bog,  marsh,  or  morass,  many  precautions  are  necessary. 

\{  the  bog  be  less  than  four  feet  deep,  and  have  a 
solid  bottom,  all  the  soft  matter  should  be  removed,  and 
an  embankment  raised  upon  the  hard  bottom. 

\i  it  be  deeper,  but  not  very  soft,  the  surface  maybe 
covered  with  two  rows  of  swarded  turf;  the  lower  being 
laid  with  its  grassy  face  downward,  the  other  with  that 
face  upward,  and  the  embankment  raised  upon  them. 

When  the  swamp  is  deep  and  fluid,  thorough  draining 
is  the  first  and  most  important  point.  On  each  side  of 
the  road,  wide  and  deep  ditches  must  be  cut,  to  collect 
the  surface  water,  and  to  carry  it  off  into  the  natural  wa- 
ter-courses. Numerous  smaller  ditches  must  be  cut,  at 
short  intervals,  across  the  road-way,  from  one  main  drain 
to  the  other,  descending  both  ways  from  the  cenlro.  This 
operation  wil^  consolidate  the  surface  between  the  main 
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ditches.  The  cross-drains  may  be  filled  with  broken 
stones,  (or  bushes,  if  they  will  always  remain  under  wa- 
ter, as  otherwise  they  will  decay,  and  cause  the  road  to 
sink)  and  on  this  foundation  the  embankment  maybe  raised. 
In  extreme  cases,  the  lower  portions  of  the  embank- 
ment must  be  formed  of  brush-wood,  arranged  ix.  fascines 
which  are  a  specific  remedy  against  water.  They  are 
formed  by  carefully  selecting  the  long,  straight,  and  slen- 
der branches  of  underwood,  and  tying  them  up  in  bundles, 
from  9  to  12  inches  in  diameter,  and  from  10  to  20  feet 
long.  A  layer  of  these  fascines  is  laid  across  the  road  ; 
a  second  layer  in  the  direction  of  the  road  ;  and  so  on,  to 
as  great  a  thickness  as  may  be  required  to  raise  the  road- 
bed perfectly  high  and  dry.  Sharp  slakes  are  driven  at 
intervals  to  fasten  together  the  layers.  Poles,  or  young 
trees,  may  be  laid  across  every  other  course.  Upon  this 
platform  of  fascines  may  be  laid  large  flat  stones,  and  upon 
them  a  course  of  earth  and  gravel. 

SIDE-HILL    ROADS. 

When  a  road  runs  along  the  side  of  a  hill,  it  will  be 
most  cheaply  formed,  by  making  it  half  in  excavation  and 
half  in  embankment.     But  as  the  embankment  would  be 
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liable  to  slip,  if  simply  depoailed  on  the  natural  surface  of 
the  ground,  the  latter  should  be  notched  into  steps,  or  off 
sets,  in  order  to  retain  ihe  earth.  In  adjuaiitig  the  lielglil 
of  the  made  ground,  an  allowance  should  be  made  for  it! 
subsequent  settling. 

If  the  surfiice  be  very  much  inclined,  both  the  cuttings 
and  fillings  will  need  lo  be  supporled  by  "  retaining  walls," 

Vig-tB. 


which  may  be  laid  dry  if  compo.xed  of  large  stones,  oi 
in  mortar.  The  proper  tliickness  which  should  be  given 
to  them,  will  be  investigated  under  the  bead  of  "Me- 
thanical  structures." 

If  the  side  hdl  be  of  rock,  tho  steep  slope  at  which  thai 
material  may  safely  be  cut,  will  enable  the  upper  wall  ta 
be  dispensed  with. 

When  the  road  is  required  to  pass  along  the  face  of  a 
nearly  perpendicular  precipice,  at  a  considerable  height, 
{a  case  which  sometimes  occurs  in  parsing  a  projectins 
point  of  the  rocky  bank  of  i  river  in  a  mountainous  di 
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trtct).it  may  rest  on  a  frame-work 
formed  of  horizontal  beams,  deep- 
ly let  into  ihe  face  of  ihe  preci- 
pice, and  supported  at  iheir  outer 
ends  by  oblique  timbers,  the  low- 
er ends  of  which  rest  in  nolclies 
furmed  in  ihe  rock. 


-  To  form  the  side-slopes  with 
precision,  to  the  proper  inclina- 
lion,  a  simple  bevel,  "  idd'r-level," 
or  "  clinometer,"  may  be  em- 
ployed with  great  advantage.  It  consists  of  two  strips  ol 
board,  AB,  AC,  fastened  to  each  other  at  right  angles 


and  connected  by  a  third 
one,  CB.  When  the  de- 
sired slope  is  2  to  1 ,  make 
AB  twice  the  length  of  AC. 
Place  C,  orB,  at  any  known 
point  of  the  slope ;  make  c 
AC  vertical  by  the  plumb- 
cide  with  the  slope  desired. 

Another  implement  for  the  same  purpi 


Fig.  85. 


and  llien  will  BC  coin 


formed  ol 
single  atrip  of  wood,  to  which  is  attacJied  a  triangle 

Fig.  86. 


<f^ 
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with  base  and  height  corresponding  lo  those  of  the  de- 
sired  slope.  When  a  spirii-Ievel,  resting  upon  the  top  of 
this  triangle,  is  horizontal,  the  inclined  strip  will  coincide 
with  tlie  slope  sought. 

A  more  general  **  CHnometer"  is  shown  in  the  accom- 
panying figure.     It  consists  of  a  spirit-level,  moveable  on 

Fig.  87 


a  pivot,  which  is  the  centre  of  a  quadrant  divided  into  de- 
grees. To  measure  a  slope,  place  the  bar  upon  it,  and 
turn  the  level  till  the  bubble  is  in  its  centre.  The  read- 
ing at  the  top  of  the  level  will  indicate  the  inclination  of 
the  slope.  To  increase  its  portability,  the  long  bar 
doubles  up  on  a  hinge  in  its  middle.* 

To  shape  the  tops  of  the  embankments,  and  the  bot- 
toms of  the  cuttings,  in  accordance  with  the  desired  pro- 
file of  the  road,  attach,  to  the  under  side  of  a  common 


*  Simms  on  Levelling^,  p  96 
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mason's  level,  a  triangle  ABC,  with  its  base  and  height 
so  proportioned  as  to  correspond  to  the  "  crowning"  of  the 
road  ;  1  in  24  for  example.  Or,  instead  of  the  triangle, 
gauges  of  different  lengths,  moveable  on  thumb-screws, 
may  be  made  to  project  below  the  level,  to  proper  depths.* 

2.  MEOHANIOAL  STRUOTURES. 

Under  this  head  are  included  the  bridges,  culverts,  and 
other  works  of  the  mason  and  carpenter,  which  are  re 
quired  for  the  purposes  of  the  road. 


BRIDGES. 


The  most  simple  and  natural  form  of  a  bridge  consists 
of  two  timbers,  laid  across  the  stream,  or  opening,  which  is 
to  be  passed  over,  and  covered  with  plank  to  form  the 
road-way.  Walls  should  be  built  to  support  each  end  of 
the  timbers,  and  are  named  the  abutments.  The  width 
ot  the  opening  which  they  cross  is  termed  the  stretch,  or 
bay.  The  timbers  themselves  are  the  string-pieces. 
Their  number  and  size  must  of  course  increase  with  the 
stretch.     For  a  stretch  of  16  feet,  they  should  be  about 

«  Pamell,  p.  261. 
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15  inches  deep  by  8  broad,  and  be  placed  at  intervals  d 
about  2  feet.*  The  greatest  weight  which  can  come  upon 
ihem  is  when  the  surface  of  the  bridge  is  covered  with 
men  standing  side  by  side,  and  is  then  equal  to  120  lbs.  per 
square  foot  of  surface,  independently  of  the  weight  of  the 
materials.     Recent  experiments  make  this  only  70  lbs. 

This  simple  construction  is  only  applicable  to  short 
ptreiclios.  For  spaces  of  greater  width,  supports  from 
the  bottom  of  the  opening  may  be  placed  at  proper  inter- 
vals. They  may  be  piers  of  masonry,  or  upright  props  oi 
siiores  of  timber,  properly  braced,  and  supported  on  piles, 
if  the  foundation  be  insecurp.     They  will  divide  the  long 


Fig.  89. 


Stretch   inlu  a  number  of  shorter  ones,  and  support  the 
ends  of  the  timbers  by  which  each  of  them  is    spanned. 

But  if  the  opening  be  deep,  or  occupied  by  a  rapid 
stream,  it  is  very  desirable  to  avoid  the  use  of  any  sucJi 
obstructions.  Means  must  therefore  be  devised  for 
strengthening  the  beams,  so  as  to  enable  them  to  span 
larger  openings.  This  may  be  effected  by  supports  from 
below,  or  from  above. 

Of  supports  from  below,  the  simplest  are  shorter  tim 
'pQTQy  {bolsters,  or  corbels)  placed  under  the  main  ones 

•  Tredgold's  Cai-peni  v.  p.  148.  Tliis  gives  a  gieat  siirpl'  s  of  strength 
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to  wliich  they  are  ^«  ^ 

firmly*  bolted,  and    ^ 

projecting      about  "'^^'^^^M/_ 
one-third    of    the 
stretch.    This  will 
considerably      in- 
crease the  stiffness. 

Still  more  effective  are  oblique  braces,  or  "struts," 
supporting  the  middle  of  the  beam,  and  resting,  at  their 

Fig.  91 


lower  ends,  in  "  shoulders,"  cut  into  the  abutments.    Sim- 
ilar braces  may  be  applied  to  the  "  bolsters"  of  Fig.  90. 
As  the  span  increased,  these  braces  would  become  sc 

Fig.  92. 


oblique  as  to  lose  much  of  their  efficiency.  A  strainings 
piece  is  therefore  interposed  between  them.  Thirty-five 
feet  may  thus  be  spanned. 

For  longer  stretches,  the  bolsters,  braces,  and  straining- 
beams  may  be  combined,  as  in  Fig.  93.     The  principle  of 

this  metiiod  may  be  extended  to  very  wide  openings. 

12 
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Fig.  93. 


/*'Vy><^; 


But  in  many  cases  supports  from  below  may  be  objec- 
rionable,  as  exerting  too  much  thrust  against  the  abm- 
menls,  and  being  liable  to  be  carried  away  by  freshets, 
&c.  The  beams  must  in  such  cases  be  strengthened  by 
supports  from  above 

The  simplest  form  of  such  is  shown  in  Fig.  94,  in 
which  the   horizontal  beam  is  supported   by  an  upright 

Fig.  94. 


'*  king-post,"  to  which  it  is  attached  by  an  iron  strap, 
as  in  the  figure,  or  by  the  upright  '*  king-post"  being 
formed  of  two  pieces,  bolted  together,  and  enclosing  the 
beam  between  ihem.  The  king-post  itself  is  supported 
by  the  oblique  braces,  or  **  struts,'-  which  rest  against 
notches  in  the  horizontal  beam. 

Since  the  kini^j-post  acts  as  a  suspending  tie,  an  iron 
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red  may  be  advantageously  substituted  for  it.  The  oblique 
braces  may  be  also  stiffened  by  iron  ties,  binding  them  to 
the  main  timbers,  as  in  Fig.  95. 

For  longer  stretches,  a  straining  beam  may  be  intro- 

Fig.  96. 


duced   between  the  struts,  as  in  Fig.  96,  in  which  the 
posts  are  represented  as  enclosing  the  beam. 

For  bridges  of  greater  span,  and  more  complicated 
structure,  the  professional  assistance  of  a  civil  engineer 
should  be  secured.  On  bridges,  see  Appendix  F.  For 
data  and  formulas  for  calculating  the  strength  of  beams 
and  trusses,  see  Gillespie's  "  Strength  of  Materials  and 
Stability  of  Structures.'* 
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These  structures  are  necessary  for  carrying  Ulidei  a 
ro:ii]  tlio  streams  which  it  iniersects  They  are  also  need 
ed  to  carry  the  waters  of  ihe  ditches  from  the  upper  'ide 
of  a  road,  to  that  side  on  which  he  the  natural  water 
courses  into  which  they  must  finally  be  discharged  Then 
simplest  form  consists  of  Iwo  walls  of  sione  or  brid 
covered  with  slabs,  and  having  a  foundalion  either  ol 
wood  (if  always  wet)  or  of  stone  laid  m  the  form  of  an 
inverted    arch,    as    shown    in  Fig  97 

cross-seclion  in  Figure  97 
Their  size  must  be  propor 
tioiieii  to  the  greatest  quantity 
of  water  which  they  can  ever 
be  required  to  pass, and  should 
he  at  least  18  inches  square,, 
or  large  enough  to  admit  a  boy 

to  enter  to  clean  them  out.  Their  bottoms  should  be  in 
clined  1  in  120,  or  1  inch  in  10  feet.  ■  When  the  road 
slopes,  the  inclination  of  tlie  culvert  may  be  increased,  if 
necessary,  by  making  it  cross  the  road  obliquely.  Al 
each  end  flat  stones  siiould  be  sunk  vertically,  or  sheet- 
piling  driven,  to  guard  against  tiic  undermining  effects  of 
the  water.  The  length  of  a  culvert  under  an  etnbank- 
ment  will  be  equal  to  the  width  of  the  road,  increased  by 
the  dislance  on  each  side,  to  winch  the  slopes  run  out,  at 
the  depth  al  which  the  culvert  is  placed.  At  each  end  of 
it  should  be  built  wing-walls,  their  tops  having  an  outward 
and  downward  slope  corresponding  to  that  of  the  embank- 
ment. Their  ground  plan  may  be  rectangular,  IrapezoJ 
dal,  or  curved. 

In  districts  where  stone  is  scarce,  a  small  culvert  may 
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Fig.  9a 


Fig.  100 


be  constructed  with  four  ranges  of  slabs  i 
grooves  being  cut  in  the  top  and  bottom  [p 
slabs,  to  receive  the  upright  ones  which 
form  the  sides. 

A.  cheap  culvert  may  be  built  of  brick, 
with  a  semicircular  arch,  of  three  feet 
span      and   4   inches  thick.  Fig.  99. 

One  thousand  bricks  will 
build  26  running  feet.  If 
the  flow  of  water  be  small, 
the  bottom  may  be  merely 
covered  with  gravel,  over 
which  is  then  poured  grout  of  hydraulic  cement,  forming 
a  superficial  concrete. 

To  obtain  greater  strength,  the 
arch  may  rest  on  abutments,  slo- 
ping inward,  and  the  bottom  of  the 
culvert  be  a  flat  inverted  arch. 

When  a  road  is  in  excavation, 
the  ditches  on  either  side  of  it 
will  sometimes  require  to  be  cov- 
ered, to  prevent  their  being  filled 
np  by  washings  from  the  sides. 
They  may  then  be  formed  as  in 
Fig.  97 ;  but  spaces  of  half  an  inch  in  width  should  be 
left  between  the  covering  stones.  A  layer  of  brushwood 
should  be  placed  over  these,  and  the  remainder  of  the 
ditch  filled  up  to  the  surface  with  broken  stones,  through 
which  the  water  can  filter.* 

Similar  but  smaller  drains  may  be  formed  at  intervals 
under  the  road,  diverging  from  its  centre  like  the  two 
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liable  lo  slip,  if  simply  deposited  on  iKe  natural  surface  of 
llie  ground,  the  klter  should  be  notched  into  steps,  or  off 
sets,  in  order  to  relain  the  earth.  In  adjusting  the  heighl 
of  the  made  ground,  an  allowance  should  be  made  for  its 
subsequent  settling. 

If  the  surface  be  very  much  inclined,  both  the  cultingl 
and  fillings  will  need  to  be  supported  by  "retaining  waUs," 


which  may  be  laid  dry  if  composed  of  large  stones,  « 
in  niorlar.  The  proper  thickness  which  should  be  given 
lo  them,  will  be  investigated  under  the  head  of  "  Me- 
chanical structures." 

If  the  side  hill  be  of  rock,  the  sleep  slope  at  which  that 
material  may  safely  be  cut,  will  enable  llie  upper  wall  to 
be  dispensed  with. 

When  the  road  is  required  to  pass  along  the  face  pf  a 
nearly  perpendicular  precipice,  at  a  considerable  height, 
(a  case  wliich  sometimes  occurs  in  passing  a  projecting 
point  of  ihe  rocky  bank  of  i  river  in  a  mountainous 
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trict)-it  may  rest  on  a  frame-work 
formed  of  horizontal  beams,  deep- 
ly let  into  the  face  of  the  pieci- 
pice,  and  supported  at  their  outer 
ends  by  obhqiie  timbers,  the  low-  >.uj 
er  ends  of  which  rest  in  notches  \ 
formed  in  the  rock. 


ich   other  at  right  angles 
Fig.  85. 


•  To  form  the  side-slopfs  with 
precision,  to  the  proper  inclina- 
tion, a  simple  bevel,  "  AaiiV-level," 
or  "  clinometer,"  may  be  em- 
ployed with  great  advantage.  It  consists  of  two  strips  of 
board,  AB,  AC,  fastened  to 
and  connected  by  a  tliird 
one,  CB.  When  the  de-  ^ 
sired  slope  is  2  to  1,  make 
AB  twice  the  length  of  AC. 
Place  C,  orB,  at  any  known 
point  of  the  slope ;  make  c^ 
AC  vertical  by  the  plumb-line;  and  then  will  BC  coin 
cide  with  the  slope  desired. 

Another  implement  for  the  same  purpose  is  formed  ol 
<i    single  strip  of  wood,  to  which  is  attached  a  triangle 


c:^ 
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with  base  and  height  corresponding  to  those  of  the  de- 
sired slope.  When  a  spirii-Ievel,  resting  upon  the  top  of 
this  triangle,  is  horizontal,  the  inclined  strip  will  coincide 
with  the  slope  sought. 

A  more  general  *'  Clinometer"  is  shown  in  the  accom- 
panying figure.     It  consists  of  a  spirit-level,  moveable  on 


Fig.  87 


a  pivot,  which  is  the  centre  of  a  quadrant  divided  into  de- 
grees. To  measure  a  slope,  place  the  bar  upon  it,  and 
turn  the  level  till  the  bubble  is  in  its  centre.  The  read- 
ing at  the  top  of  the  level  will  indicate  the  inclination  of 
the  slope.  To  increase  its  portability,  the  long  bar 
doubles  up  on  a  hinge  in  its  middle.* 

To  shape  the  tops  of  the  embankments,  and  the  bot- 
toms of  the  cuttings,  in  accordance  with  the  desired  pro- 
file of  the  road,  attach,  to  the  under  side  of  a  common 


*  Sirrnns  on  Levelling^,  p  96 
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mason's  level,  a  triangle  ABC,  with  its  base  and  height 
so  proportioned  as  to  correspond  to  the  "  crowning"  of  the 
road  ;  1  in  24  for  example.  Or,  instead  of  the  triangle, 
gauges  of  different  lengths,  moveable  on  thumb-screws, 
may  be  made  to  project  below  the  level,  to  proper  deptlis.* 

2.  MEOHANIOAL  STRUOTURES. 

Under  this  head  are  included  the  bridges,  culverts,  and 
other  works  of  the  mason  and  carpenter,  which  are  re 
quired  for  the  purposes  of  the  road. 


BRIDGES. 


The  most  simple  and  natural  form  of  a  bridge  consists 
of  two  timbers,  laid  across  the  stream,  or  opening,  which  is 
to  be  passed  over,  and  covered  with  plank  to  form  the 
road-way.  Walls  should  be  built  to  support  each  end  of 
the  limbers,  and  are  named  the  abutments.  The  width 
ot  the  opening  which  they  cross  is  termed  the  stretch,  or 
bay.  The  limbers  themselves  are  the  string-pieces. 
Their  number  and  size  must  of  course  increase  with  the 
dtretch.     For  a  stretch  of  16  feet,  they  should  be  about 

«  Pamell,  p.  261. 
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15  inches  deep  by  8  broad,  and  be  placed  at  intervals  oi 
aboul  2  feet.*  The  greatest  weight  which  can  come  upon 
ihem  is  when  the  surface  of  the  bridge  is  covered  with 
men  standing  side  by  side,  and  is  then  equal  to  120  lbs.  per 
square  fool  of  surface,  independently  of  the  weight  of  the 
niaierials.     Recent  experiments  niake  this  only  70  lbs. 

Tliis  simple  construction  is  only  applicable  to  short 
ptreiclics.  For  spaces  of  greater  width,  supports  from 
the  bottom  of  the  opening  may  be  placed  at  proper  inter- 
vals. They  may  be  piers  of  masonry,  or  upright  props  on 
siiores  of  timber,  properly  braced,  and  supported  on  piles, 
if  the  foundation  be  insecurp.     They  will  divide  the  long 


Fig.  89. 
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slrelch   into  a  number  of  shorter  ones,  and  support  the 
ends  of  the  limbers  by  which  each  of  them  is    spanned. 

But  if  the  opening  be  deep,  or  occupied  by  a  rapid 
stream,  it  is  very  desirable  to  avoid  the  use  of  any  sucii 
obstructions.  Means  must  therefore  be  devised  for 
strengthening  the  beams,  so  as  to  enable  them  to  span 
larger  openings.  This  may  be  effected  by  supports  from 
below,  or  from  above. 

Of  supports  from  below,  the  simplest  are  shorter  tim 
pars,  {bolsters,  or  corbels)  placed  under  the  main  ones 

♦  Tredgold'e  Cai-penl  v,  P.  148.  Tliis  gives  a  gieat  surpl'  s  of  strength 
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to  which  they  are  fVf-  ^^ 

firmly*  bolted,  and    ■    j---.-  \  j j-r 

projecting      about  "^'^^/j^^:? 
one-third    of    the 
stretch.    This  will 
considerably      in- 
crease the  stiffness. 

Still  more  effective  are  oblique  braces,  or  "struts," 
supporting  the  middle  of  the  beam,  and  resting,  at  their 

Fig.  91 


lower  ends,  in  "  shoulders,"  cut  into  the  abutments.    Sim- 
ilar braces  may  be  applied  to  the  "  bolsters"  of  Fig.  90. 
As  the  span  increased,  these  braces  would  become  sc 

Fig.  92. 


oblique  as  to  lose  much  of  their  efficiency.  A  straining' 
piece  is  therefore  interposed  between  them.  Thirty-five 
feet  may  thus  be  spanned. 

For  longer  stretches,  the  bolsters,  braces,  and  straining- 
beams  may  be  combined,  as  in  Fig.  93.     The  principle  of 

this  mctliod  may  be  extended  to  very  wide  openings. 

12 
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Fig.  93. 


/y,,://y/:. 


But  in  many  cases  supports  from  below  may  be  objec- 
rionable,  as  exerting  too  much  thrust  against  the  abm- 
menls,  and  being  liable  to  be  carried  away  by  freshets, 
&c.  The  beams  must  in  such  cases  be  strengthened  by 
supports  from  above 

The  simplest  form  of  such  is  shown  in  Fig.  94,  m 
which  the  horizontal  beam  is  supported   by  an  upright 

Fig.  94. 


"  king-post,"  to  which  it  is  attached  by  an  iron  strap, 
as  in  the  figure,  or  by  the  upright  **  king-post"  being 
formed  of  two  pieces,  bolted  together,  and  enclosing  the 
beam  between  ihem.  The  king-post  itself  is  supported 
by  the  oblique  braces,  or  "  struts,"  which  rest  against 
notches  in  the  horizontal  beam. 

Since  the  kinsj-posl  acts  as  a  suspending  tie,  an  iron 
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red  may  be  advantageously  substituted  for  it.  The  oblique 
braces  may  be  also  stiffened  by  iron  ties,  binding  them  to 
the  main  timbers,  as  in  Fig.  95. 

For  longer  stretches,  a  straining  beam  may  be  intro- 

Fig.  96. 


duced   between  the  struts,  as  in  Fig.  96,  in  which  the 
posts  are  represented  as  enclosing  the  beam. 

For  bridges  of  greater  span,  and  more  complicated 
etmcture,  the  professional  assistance  of  a  civil  engineer 
should  be  secured.  On  bridges,  see  Appendix  F.  For 
data  and  formulas  for  calculating  the  strength  of  beams 
and  trusses,  see  Gillespie's  "  Strength  of  Materials  and 
Stability  of  Structures." 
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The  strength  of  a  ^all  may  be  still  farther  increased  bj 
lessening  its  thickness,  and  employing  the  difference  ot 
the  amount  of  masonry  in  buttresses  or  counter-forts,  at 
tached  to  its  back  at  regular  intervals,  and  firmly  banded 

Fig.  107. 


with  it.  The  trapezoidal  section  for  them  is  preferred,  as 
giving  a  broader  base  of  union.  Fig.  107  is  a  ground  plan 
of  such  an  arrangement. 

To  lessen  the  pressure  of  an  embankment,  that  portion 
of  it  next  the  wall  should  be  formed  in  compact  layers, 
inclining  downward  from  the  wall.  Through  the  wall 
should  be  left  holes  (barbacanes)  six  inches  high  and  three 
wide,  disposed,  in  the  quincunx  form,  at  distances  of  six 
feet  horizontally,  and  four  feet  vertically,  in  order  to  give 
vent  to  the  water  which  may  filtrate  through  the  bank. 

The  masonry  of  a  wall  which  has  to  sustain  great 
pressures,  requires  much  attention.  The  following  is 
part  of  the  specification  for  such  walls  of  rubble  ma- 
sonry on  the  public  works  of  the  state  of  New  York. 
"  The  stone  shall  be  sound,  well-shaped,  and  durable, 
and  of  not  less  than  6  inches  in  thickness,  and  three  feet 
area  of  bed.  The  smoothest  and  broadest  bed  shall  in 
all  cases  be  laid  down,  and  if  it  be  rough  and  uneven,  all 
projecting  points  shall  be  hammered  off;  and  the  same 
from  the  top  bed,  so  as  to  give  the  succeeding  stone  a 
firm  bearing.  In  all  cases  the  bed  shall  be  properly  pre- 
pared, by  levelling  up,  before  the  next  stone  is  laid,  but 
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no  levellers  shall  be  placed  under  a  stone  by  raising  it 
from  its  bed.  One-fourth  of  the  wall  shall  be  composed 
of  headers^  which  shall  extend  through  the  wall,  where 
it  is  not  more  than  two  feet  thick,  and  from  2  to  4  feet 
back  for  thicker  walls.  The  whole  shall  be  laid  in  hy- 
draulic mortar,  composed  of  the  best  quality  of  cement* 
and  clean  sharp  sand ;  and  particular  care  shall  be  taken 
to  have  each  stone  surrounded  with  mortar,  and  tho* 
roughly  bedded  in  it.*' 
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CHAPTER  TV 

IMPROVEMENT  OF  THE  SURFACE. 

**  Next  to  the  general  influence  of  the  seasons,  there  ia  perhapB  no  cii* 
cnmstance  more  interestin]^  to  men  in  a  civilized  state,  thcia  the  perfecim 
"^f  the  means  of  interior  communication." 

Committee  of  House  of  Commons^  1819. 

The  surface  of  a  newly-made  road  is  generally  very 
deficient  in  the  important  qualities  of  hardness  and  smooth- 
ness, and  lo  secure  these  attributes  in  their  highest  at- 
tainable degree,  it  is  necessary  to  co\er  the  earth,  which 
forms  the  natural  surface  of  the  road,  with  some  other 
material,  such  as  stone,  wood,  &c.  The  benefits  of  such 
a  process  are  twofold,  consisting, 

1.  In  substituting  a  hard  and  sruooth  surface  for  the 
soft  and  uneven  earth  ; 

2.  In  protecting  the  ground  beneath  it  from  the  action 
of  the  rain-water,  which,  by  penetrating  to  it,  and  remaii^- 
ing  upon  it,  would  not  only  impede  the  progress  of  vehi- 
cles, but  render  the  road  too  weak  to  bear  their  weight. 

Such  a  covering  should  be  regarded,  not  as  an  arch  to 
bear  the  weight  of  the  vehicles,  but  simply  as  a  roof,  to 
protect  the  earth  beneath  it  from  the  weather  ;  not  as  a 
substitute  for  the  soil  under  it,  but  only  as  a  protection  to 
that  soil  to  enable  it  to  retain  its  natural  strength.  Erro- 
neous views  on  this  point  have  caused  very  prejudicial 
practices,  particularly  in  the  case  of  broken  stonCi  or 
McAdam-roads. 
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Tlie  various  surfaces  will  be  considered  in  llie  following 
order  ;  beginning  with  the  most  imperfect,  that  of  the 
unimproved  earth,  and  ending  with  the  most  perfect  yet 
attained — that  of  Railroads. 

1.  EARTH  ROADS. 

2.  GRAVEL  ROADS. 

3.  BROKEN  STONE,  OR  McADAM  ROADS. 

4.  PAVED  R0AD& 
6.  ROADS  OF  WOOD. 

6.  ROADS  OF  OTHER  MATERIALS. 

7.  ROADS  WITH  TRACKWAYS. 


1.  EARTH  ROADS. 

Roads  of  earth,  with  the  surfaces  of  the  excavations 
and  embankment  unimproved  by  art,  are  very  deficient  al 
all  times  in  the  important  requisites  of  smoothness  and 
hardness,  and  in  the  spring  are  almost  impassable.  But 
with  all  their  faults,  they  are  almost  the  only  roads  in  this 
country,  (the  scantiness  of  labor  and  capital  as  yet  ])re- 
venting  the  adoption  of  better  ones)  and  therefore  no  pains 
should  be  spared  to  render  them  as  good  as  their  nature 
will  permit. 

The  faults  of  surface  being  so  great,  it  is  especially  ne- 
cessary to  lessen  all  other  defects,  and  to  make  the  road  in 
all  other  respects  as  nearly  as  possible  **  what  it  ought  to 
be."  Its  grades  should  therefore  be  made,  if  possible,  as 
easy  as  1  in  30,*  by  winding  around  the  hills,  or  by  cut- 
ting them  down  and  filhng  up  the  valleys.  Its  shape 
should  be  properly  formed  with  a  slope  of  1  in  201  each 

•  Seepage  41.  +  Pa^c  51 
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branches  of  *iie  letter  V>  ^^id  descending  fronn  the  angu- 
lar  point  to  the  side-ditches.  They  are  called  "  mitre 
drains."  In  very  wet  ground,  a  deep  but  narrow  drain, 
filled  with  broken  stones,  nnay  be  carried  through  the 
middle  of  the  road. 

CATCHWATERS,    OR  WATER-TABLES.  " 

These  are  very  shallow  paved  ditches,  formed  across 
the  road  upon  a  slope,  to  catch  the  water  which  runs 
down  its  length,  (and  which  would  otherwise  furrow  up 
the  road-way)  and  to  turn  it  off  into  the  side-ditches. 
They  are  also  necessary  in  the  hollows  which  exist  at  the 
points  where  a  descent  and  ascent  meet.  They  should 
be  so  laid  that  a  carriage  will  not  feel  any  shock  in  pass- 
ing over  them.  Their  bottom  may  be  flat,  and  six  feet 
wide,  and  for  twelve  feet  on  each  side  they  may  rise  one 
inch  to  the  foot.  The  side-slope,  down  which  they  dis- 
charge their  waters,  should  be  also  paved.  Sometimes 
tor  economy  they  are  used  as  a  substitute  for  a  culvert  to 
carry  the  waters  of  a  small  stream  across  the  road  ;  but 
this  is  very  objectionable,  particularly  from  the  ledges  of 
ice  which  will  be  there  formed  in  winter.  They  are  some- 
times shaped  like  a  V>  with  the  point  directed  up  the  as- 
cent, and  will  then  divide  the  waters.  In  mountainous 
situations  they  should  be  located  obliquely  to  the  axis  of 
the  road,  and  the  most  advantageous  position  will  evident- 
ly be  that  which  has  the  greatest  descent  with  the  least 
length,  and  may  be  geometrically  determined. 

Let  the  longitudinal  slope  of  the  road  descending  trora  A  \m 
B,  be  m  to  1 ;  and  let  its  transverse  slope  from  A  to  C  be  n  to 
1 ;  the  fornTer  being  here  supposed  steeper  than  the  latter. 
Tt  is  required  to  determine  the  position  of  the  catchwater  AD 
po  that  it  may  have  the  greatest  slope  possible. 
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If  a  line,  BC,  be  so  drawn  on  the 
surface  of  the  road  as  to  be  horizon- 
tal, the  desired  line  of  greatest  slope, 
AD,  will  be  perpendicular  to  it,  as  ex- 
plained on  page  75.  The  position  of 
this  horizontal  line  must  therefore  be 
first  determined.  The  two  points,  A 
and  B,  which  it  unites,  being  on  the 
same  level,  the  descent  from  A  to  B 
equals  that  from  A  to  C.  These  de- 
scents are  expressed  respectively  by 

and  ,  giving  the   equation, 


m 
AB 


n 


AC 


=  —  ;  whence  AC  =  AB 
m  n 


n 
m 


Fig.  101. 


3. 


Therefore,  to  obtain  the  position  AD  by  a  graphical  con- 
struction, make  AB  of  any  length,  and  set  off  AC  (as  given  by 
the  equation)  at  right  angles  to  it;  join  CB,  and  from  A  draw 
the  perpendicular  AD,  which  will  be  the  line  required. 

If  it  be  required  to  define  the  position  AD,  by  the  angle 

BAD,  it  will  be  seen   that   BAD  =  ACB ;    and  that 

.      .^_      AB  AB  AB 

sm.  ACB=  r^B  = 


(:B~^/(AB'  +  AC») 


( 


y/  IaB^-{-  AB 


0+£) 


V 


If  m  =  20  and  n  =  30,    sin.  ACB  =  .5555,  and  ACB  = 
J3°  45 . 

Care  must  be  taken  to  avoid  placing  the  catchwater  m 
ihe  direction  of  the  diagonal  of  the  rectangle  formed  by 
ihe  four  wheels  of  a  carriage  ;  in  order  to  avoid  the  double 
shock  which  would  otherwise  be  caused  by  two  wheels 
sinking  into  it  at  onc(\ 

A  cheap  suustitute  for  a  catchwater  on  'i  steep  slope  is 
a  mound  of  earth,  crossing  the  road  obliquely.     This  will 
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real  irig-p  lace  on 
iliG  ascent.  It 
sliould  be  so  pro- 
portioned, that 
carrini^cs  may  pass  it  without  inconvei 


Retaining,  sustaining,  revetment,  and  breast  walls  as 
t'lcir  various  names  import,  are  employed  to  support 
masses  of  earth,  and  to  resist  their  lateral  pressure.  Their 
use,  when  a  road  passes  along  a  steep  hill-side,  has  been 
already  explained.  In  passing  through  villages  also,  where 
Land  is  valuable,  a  narrower  space  will  suffice  for  a  road 
ill  excavation  or  embankment,  if  retaining  walls  be  sub 
Miimied  for  side-slopes. 

The  calculation  of  (he  necessary  thickness  for  retain- 
inii  walls,  to  enable  them  to  resist  the  thrust  of  the  earth 
which  they  are  intended  to  support,  is  a  problem  of  con- 
siderable intricacy  of  investigation,  as  well  as  one  of  much 
uncertainly,  in  consequence  of  the  numerous  and  greatly 
varied  data  rcf|uired. 


Rg.  103. 


n  a  wall, 
which  ABCD  is  a 
transverse  section, 
supports  a  niass  of 
earth,  there  is  a 
certain  triangular 
portion,  ADK,  of 
the  earth,  which 
Would  slide  down- 
ward if  the  wall 
were  removed,  and  which  therefore  now  presses  against 
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the  wall  with  a  force,  varying  with  its  height,  its  specific 
gravity,  and  the  angle,  ADE,  at  which  the  earth  would 
Pland  if  unsupported.  The  wall  may  yield  to  its  pressure 
by  sliding  along  its  base,  or  along  some  horizontal  course, 
or  by  being  overturned  and  revolving  about  the  exterior 
3dge  of  one  of  its  horizontal  joints.  The  latter  is  the 
only  danger  to  be  feared  in  a  well-built  wall. 

The  most  complete  investigation  of  the  problem  of  the  proper 
thickness  of  retaining  walls  has  been  made  by  M.  Poncelet  in 
a  Memoir,*  of  which  a  translation  has  appeared  in  the  Journal 
of  the  Franklin  Institute  for  1843.  It  contains  valuable  ta- 
bles as  well  ^s  formuliB.  Let  a  denote  the  angle  with  the  ver- 
tical made  by  the  line  of  the  natural  slope  of  the  earth,  and 
represented  by  ADE  in  the  figure.  It  will  vary  from  70°,  as 
in  the  case  of  very  fine  dry  sand,  to  35°,  as  in  the  case  of 
heavy  clayey  earth.  Let  w  denote  the  weight  of  any  unit  of 
the  earth,  and  w'  that  of  the  same  unit  of  the  masonry.  The 
specific  gravity  of  the  former  ranges  between  1.4  and  1.9, 

w 

and  that  of  the  latter  between  1.7  and  2.5.+     The  ratio  — :  is 

'  w 

therefore  usually  between  §  and  1.     For  the  simplest  case, 

that  in  which  the  embankment  does  not  rise  above  the  wall,  the 

formula^  for  the  thickness  corresponding  to  any  height  H,  is 

Tan.^axA\/^*H. 

This  gives  a  stability  of  1.92  to  1,  or  nearly  double  that  of  a 
strict  equilibrium. 

For  the  usual  assumed  mean  values  of  a  —  45°,  and 

—  =  I,  the  formula  gives  for  the  required  thickness  of 

the  wall  yViTj  or  a  little  over  a  quarter  of  the  height. 


*  No.  13  dtt  Memorial  de  Vofficief  du  Genie,  See  also  Prony  ;  Re 
eherches  sur  la  Pousaee  des  Terrea ;  aud  Navier  ;  Lemons  sur  VAppli 
tion  de  la  Mecanique  aux  Constructions. 

t  Navier.  t  Ponc^^let,  ^  12. 
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The  extreme  limits  in  any  case  are  from  y/yy,  or  one" 
fiflli  of  the  height,  with  compact  earth  and  heavy  mason- 
ry, to  rVVo»  or  not  quite  half  the  height,  with  loose  earth 
and  light  masonry.*  The  precise  thickness  can  be  cal 
culalcd  by  the  preceding  formula ;  after  noting  the  slope 
at  wiiicli  the  earth  naturally  stands,  and  weighing  a  cer- 
In  111  portion  of  the  masonry,  and  of  the  earth  previously 
llioronghly  moistened. 

When  there  is  an  embankment  rising  above  the  top  oi 
the  wall,  the  proper  thickness  (in  cases  in  which  the  height 
of  the  superincumbent  load  does  not  much  exceed  the 
height  of  the  wall)  may  be  approximately  obtained  by 
snl)stiuuing  in  the  same  formula,  instead  of  the  height 
of  the  wall,  the  sum  of  the  heights  of  the  wall  and  of  the 
earth  above  it.t 

Thus  far  both  faces  of  the  retaining  wall  have  been 
supposed  to   be  vertical.     But  the  same   strength  with  a 


Fig.  104. 


less  amount  of  material  may  be  ob- 
tained by  various  modifications  of  its 
section. 

The  face  of  the  wall  may  be  advan- 
tageously made  to  slope  with  a  **6a/zr," 
varying  from  -^\,  or  {  inch  horizontal 
to  1  foot  vertical,  to  j,  or  2  inches  to  1 
foot. 


To  find  the  mean  thickness  of  such  a 
wall,  whicli  shall  liave  the  sanne  stability 
as  another  wall  with  vertical  faces,  and 
of  the  thickness  obtained  by  the  preceding  rules,  subtract  from 
this  given  thickness  four-tenths  of  the  entire  projection  of  the 
hdtir.X  Thus,  if  the  given  thickness  be  4  feet,  and  the  height 
24  feet,  and  the  corresponding  mean  thickness  of  a  wall  with 


*  Poncelet,  §  34. 


t  Ibid.  §  22 


tlbid.$7& 
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a  bdlirot  Jg  be  desired,  it  will  be  4  .  —  7*5  Xf|=4  .  —  .8=3.2. 
The  bdtir  is  supposed  not  to  exceed  one-fifth  of  the  height 
From  the  mean  thickness,  those  of  the  top  and  bottom  are 
readily  deduced,  knowing  the  height  and  bdtir. 

Fig.  105 


The  desired  increase  of  ihick- 
less  towards  the  bottom  of  a  wall 
3  often  given  by  offsets  at*  its 
►ack.  Considerable  resistance  to 
he  overturning  of  the  wall  is  of- 
ered  by  the  weight  of  the  earth 
vhich  rests  upon  these  offsets. 


Fig.  106 


Still  more  economical  of 
nasonry  is  a  leaning  retain- 
ng  wall,  in  which  the  back 
las  a  bdtiry  which  may  ad- 
vantageously be  1  in  6.  In 
his  case  strength  requires 
;hat  the  perpendicular  let  fall 
from  the  centre  of  gravity 
^{  ihe  section  upon  the  base, 
should  fall  so  far  within  the 
inner  edge  of  the  base,  that 
Jie  stone  of  the  bottom  course  of  the  foundation  may 
present  suf&cient  surface  to  bear  the  pressure  upon  it. 


*  Mahaa,  p.  142. 
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The  strength  of  a  ^all  may  be  still  farther  increased  bj 
lessening  its  thickness,  and  employing  the  difference  d 
the  amount  of  masonry  in  buttresses  or  counter-forts,  at 
tached  to  its  back  at  regular  intervals,  and  firmly  banded 

Fig.  107. 


with  it.  The  trapezoidal  section  for  them  is  preferred,  as 
giving  a  broader  base  of  union.  Fig.  107  is  a  ground  plan 
of  such  an  arrangement. 

To  lessen  the  pressure  of  an  embankment,  that  portion 
of  it  next  the  wail  should  be  formed  in  compact  layers, 
inclining  downward  from  the  wall.  Through  the  wall 
should  be  left  holes  (barbacanes)  six  inches  high  and  three 
wide,  disposed,  in  the  quincunx  form,  at  distances  of  six 
feet  horizontally,  and  four  feet  vertically,  in  order  to  give 
vent  to  the  water  which  may  filtrate  through  the  bank. 

Tiie  masonry  of  a  wall  which  has  to  sustain  great 
pressures,  requires  much  attention.  The  following  is 
part  of  the  specification  for  such  walls  of  rubble  ma- 
sonry on  the  public  works  of  the  state  of  New  York. 
"  The  stone  shall  be  sound,  well-shaped,  and  durable, 
and  of  not  less  than  6  inches  in  thickness,  and  three  feet 
area  of  bed.  The  smoothest  and  broadest  bed  shall  in 
all  cases  be  laid  down,  and  if  it  be  rough  and  uneven,  all 
projecting  points  shall  be  hammered  off;  and  the  same 
from  the  top  bed,  so  as  to  give  the  succeeding  stone  a 
firm  bearing.  In  all  cases  the  bed  shall  be  properly  pre- 
pared, by  levelling  up,  before  the  next  stone  is  laid,  bi 
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uo  levellers  shall  be  placed  under  a  stone  by  raising  it 
from  its  bed.  One-fourth  of  the  wall  shall  be  composed 
of  headers^  which  shall  extend  through  the  wall,  where 
it  is  not  more  than  two  feet  thick,  and  from  2  to  4  feet 
back  for  thicker  walls.  The  whole  shall  be  laid  in  hy- 
draulic mortar,  composed  of  the  best  quality  of  cement* 
and  clean  sharp  sand ;  and  particular  care  shall  be  taken 
to  have  each  stone  surrounded  with  mortar,  and  tho* 
roughly  bedded  in  it.*' 
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CHAPTER  TV 

IMPROVEMENT  OF  THE  SURFACE. 

*•  Next  to  the  general  influence  of  the  seasons,  there  to  perhaps  no  cii« 
cnmstance  more  interesting  to  men  in  a  civilized  state,  thiia  the  perfecium 
"^f  the  means  of  interior  communication." 

Committee  of  House  of  Commons,  1819. 

The  surface  of  a  newly-made  road  is  generally  very 
deficient  in  the  important  qualities  of  hardness  and  smooth- 
ness, and  lo  secure  these  attributes  in  their  highest  at- 
tainable degree,  it  is  necessary  to  co\er  the  earth,  which 
forms  the  natural  surface  of  the  road,  with  some  other 
material,  such  as  stone,  wood,  &c.  The  benefits  of  such 
a  process  are  twofold,  consisting, 

1.  In  substituting  a  hard  and  smooth  surface  for  the 
soft  and  uneven  earth  ; 

2.  In  protecting  the  ground  beneath  it  from  the  action 
of  the  rain-water,  which,  by  penetrating  to  it,  and  remain- 
ing upon  it,  would  not  only  impede  the  progress  of  vehi- 
cles, but  render  the  road  too  weak  to  bear  their  weight. 

Such  a  covering  should  be  regarded,  not  as  an  arch  to 
bear  the  weight  of  the  vehicles,  but  simply  as  a  roof,  to 
protect  the  earth  beneath  it  from  the  weather ;  not  as  a 
substitute  for  the  soil  under  it,  but  only  as  a  protection  to 
that  soil  to  enable  it  to  retain  its  natural  strength.  Erro- 
neous views  on  this  point  have  caused  very  prejudicial 
practices,  particularly  in  the  case  of  broken  stonei  or 
McAdam-roads. 
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Tlie  various  surfaces  will  be  considered  in  the  following 
order  ;  beginning  with  the  most  imperfect,  thai  of  the 
unimproved  earth,  and  ending  with  the  nnost  perfect  yet 
attained — that  of  Railroads. 

1.  EARTH  ROADS. 

2.  GRAVEL  ROADS. 

3.  BROKEN  STONE,  OR  McADAM  ROADS. 

4.  PAVED  ROAD& 
6.  ROADS  OF  WOOD. 

6.  ROADS  OF  OTHER  MATERIALS. 

7.  ROADS  WITH  TRACKWAYS. 


1.  EARTH  ROADS. 

Roads  of  earth,  with  the  surfaces  of  the  excavaliorih 
and  embanknient  uninnproved  by  art,  are  very  deficient  at 
all  times  in  the  important  requisites  of  smoothness  and 
hardness,  and  in  the  spring  are  almost  impassable.  But 
with  all  their  faults,  they  are  almost  the  only  roads  in  this 
country,  (the  scantiness  of  labor  and  capital  as  yet  j)re- 
venting  the  adoption  of  better  ones)  and  therefore  no  pains 
should  be  spared  to  render  them  as  good  as  their  nature 
will  permit. 

The  faults  of  surface  being  so  great,  it  is  especially  ne- 
cessary to  lessen  all  other  defects,  and  to  make  the  road  in 
all  other  respects  as  nearly  as  possible  "  what  it  ought  to 
be."  Its  grades  should  therefore  be  made,  if  possible,  as 
easy  as  1  in  30,*  by  winding  around  the  hills,  or  by  cut- 
ting them  down  and  filHng  up  the  valleys.  Its  shape 
should  be  properly  formed  with  a  slope  of  1  in  201  each 

•  Sec  pago  41.       .         t  Pajyt-  5] 
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brandies  of  '.he  letter  V>  ^«d  descending  from  the  angu- 
lar  point  to  the  side-ditches.  They  are  called  "  niitre 
drains."  In  very  wet  ground,  a  deep  but  narrow  drain, 
filled  with  broken  stones,  may  be  carried  through  the 
middle  of  the  road. 

CATCHWATERS,    OR  WATER-TABLES.  ' 

These  are  very  shallow  paved  ditches,  formed  across 
the  road  upon  a  slope,  to  catch  the  water  which  runs 
down  its  length,  (and  which  would  otherwise  furrow  up 
the  road-way)  and  to  turn  it  off  into  the  side-ditches. 
They  are  also  necessary  in  the  hollows  which  exist  at  the 
points  where  a  descent  and  ascent  meet.  They  should 
be  so  laid  that  a  carriage  will  not  feel  any  shock  in  pass- 
ing over  them.  Their  bottom  may  be  flat,  and  six  feet 
wide,  and  for  twelve  feel  on  each  side  they  may  rise  one 
inch  to  the  foot.  The  side-slope,  down  which  they  dis- 
rharge  their  waters,  should  be  also  paved.  Sometimes 
lor  economy  they  are  used  as  a  substitute  for  a  culvert  to 
carry  the  waters  of  a  small  stream  across  the  road  ;  but 
this  is  very  objectionable,  particularly  from  the  ledges  of 
ice  which  will  be  there  formed  in  winter.  They  are  some- 
times shaped  like  a  Vj  with  the  point  directed  up  the  as- 
cent, and  will  then  divide  the  waters.  In  mountainous 
situations  they  should  be  located  obliquely  to  the  axis  of 
the  road,  and  the  most  advantageous  position  will  evident- 
ly be  that  which  has  the  greatest  descent  with  the  least 
length,  and  may  be  geometrically  determined. 

Let  the  longitudinal  slope  of  the  road  descending  trom  A  \m 
B,  be  m  to  1 ;  and  let  its  transverse  slope  from  A  to  C  be  n  to 
1 ;  the  fornTer  being  here  supposed  steeper  than  the  latter 
Tt  is  required  to  determine  the  position  of  the  catchwater  AD 
BO  that  it  may  have  the  greatest  slope  possible. 
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If  a  lim^,  BC,  be  so  drawn  on  tlie 
surface  of  the  road  as  to  be  horizon- 
tal, the  desired  line  of  greatest  sh)pe, 
AD,  will  be  perpendicular  to  it,  as  ex- 
plained on  page  75.  The  position  of 
this  horizontal  line  must  therefore  be 
first  determined.  The  two  points,  A 
and  B,  which  it  unites,  being  on  the 
same  level,  the  descent  from  A  to  B 
equals  that  from  A  to  C.  These  de- 
scents are  expressed  respectively  by 

AB  AC       .  . 

and  ,  giving  the   equation, 


m 
AB 


n 


AC 


=  —  ;  whence  AC  =  AB 
m  n 


n 
m 


Fig.  101. 


3. 


Therefore,  to  obtain  the  position  AD  by  a  graphical  con- 
struction, make  AB  of  any  length,  and  set  off  AC  (as  given  by 
the  equation)  at  right  angles  to  it ;  join  CB,  and  from  A  draw 
the  perpendicular  AD,  which  will  be  the  line  required. 

If  it  be  required  to  define  the  position  AD,  by  the  angle 
BAD,  it  will  be  seen   that   BAD  =  ACB ;    and  that 

AB  AB 


.      *  ^«      AB 
Bin.  ACB=  jTB  = 


(:B""v'(AB''+AC'') 


( 


>/  (  AB'  +  AB 


V 


0+^') 


If  m  =  20  and  n  =  30,    sin.  ACB  =  .5555,  and  ACB  = 
33°  45 . 

Care  must  be  taken  to  avoid  placing  the  calchwater  in 
the  direction  of  the  diagonal  of  the  rectangle  formed  by 
the  four  wheels  of  a  carriage  ;  in  order  to  avoid  the  double 
shock  which  would  otherwise  be  caused  by  two  wheels 
sinking  into  it  at  once. 

A  cheap  suuslitute  for  a  catch  water  on  i  steep  slope  is 
a  mound  of  earth,  crossing  the  road  obliquely.     This  will 


also  serve    as    a 

resling-place  on 
llic  ascent.  It 
should  be  so  pro- 
portioned tliat 
carriages  may  pass  il  withi 
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Retaining,  sustaining,  revelment,  and  breast  walls  aa 
I'leir  various  names  import,  are  employed  to  support 
masses  of  earth,  and  to  resist  their  lateral  pressure.  Their 
use,  when  a  road  pa'ises  along  a  steep  hill-aide,  has  been 
already  explained.  In  passing  through  villages  also,  where 
land  is  valuable,  a  narrower  space  will  suffice  for  a  road 
ill  excavation  or  embankment,  if  retaining  walls  be  sub 
KlitiUed  for  side-slopes, 

The  calculation  of  the  necessary  thickness  for  retain- 
ing walls,  to  enable  ihem  to  resist  the  thrust  of  the  earth 
which  tliey  are  iniended  to  support,  is  a  problem  of  con- 
siderable intricacy  of  investigation,  as  well  as  one  of  much 
uncertainty,  in  consequence  of  the  numerous  and  greatly 
varied  data  required. 

Wlien  a  wall    of  pg  i03 

which  ADCDis  a 
transverse  section, 
supports  a  mass  of 
earth,  there  is  a 
certain  triangular 
porlion,  ADIl,  of 
the  earth,  which 
would  slide  down- 
ward if  the  wall 
were  removed,  and  which  therefore  now  presses  against 
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the  wall  with  a  force,  varying  with  its  height,  its  specific 
gravity,  and  the  angle,  ADE,  at  which  the  earth  would 
Piand  if  unsupported.  The  wall  may  yield  to  its  pressure 
by  sliding  along  its  base,  or  along  some  horizontal  course, 
or  by  being  overturned  and  revolving  about  the  exterior 
sdge  of  one  of  its  horizontal  joints.  The  latter  is  the 
only  danger  to  be  feared  in  a  well-built  wall. 

The  most  complete  investigation  of  the  problem  of  the  proper 
thickness  of  retaining  walls  has  been  made  by  M.  Poncelet  in 
a  Memoir,*  of  which  a  translation  has  appeared  in  the  Journal 
of  the  Franklin  Institute  for  1843.  It  contains  valuable  ta- 
bles as  well  ^^  formul(B.  Let  a  denote  the  angle  with  the  ver- 
tical made  by  the  line  of  the  natural  slope  of  the  earth,  and 
Tepresented  by  ADE  in  the  figure.  It  will  vary  from  70°,  as 
in  the  case  of  very  fine  dry  sand,  to  35°,  as  in  the  case  o^ 
heavy  clayey  earth.  Let  w  denote  the  weight  of  any  unit  of 
the  earth,  and  w'  that  of  the  same  unit  of  the  masonry.  The 
specific  gravity  of  the  former  ranges  between  1.4  and  1.9, 

w 

and  that  of  the  latter  between  1.7  and  2.5.+    The  ratio  — :  is 

rv 

therefore  usually  between  f  and  1.     For  the  simplest  case, 

that  in  which  the  embankment  does  not  rise  above  the  wall,  the 

formula]:  for  the  thickness  corresponding  to  any  height  H,  is 

Tan.  J  u  X  T%  VJt  •  H. 

This  gives  a  stability  of  1.92  to  1,  or  nearly  double  that  of  a 
strict  equilibrium. 


For  the  usual  assumed  mean  values  of  a  —  45°,  and 


—  =  I,  the  formula  gives  for  the  required  thickness  of 
the  wall  xVt»  or  ^i  Y\X\\e  over  a  quarter  of  the  height. 


*  No.  13  du  Memorial  de  Vofficier  du  Oenie.  See  also  Prony  ;  Re 
cherehes  9ur  la  Pouaaee  des  Terrea ;  and  Navier  ;  Legons  sur  VAppli 
iian  de  la  Mecanique.  aux  Constructions, 

t  Navier.  t  PoDr*»l^t,  ^  12. 
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The  CAcreme  limits  in  any  case  are  from  y/yV,  or  one- 
fifth  of  the  height,  with  compact  earth  and  heavy  mason- 
ry, to  tV/o  >  or  "ot  quite  half  the  height,  with  loose  earth 
and  light  masonry.*  The  precise  thickness  can  be  cal 
culaled  by  the  preceding  formula ;  after  noting  the  slope 
at  which  the  earth  naturally  stands,  and  weighing  a  car- 
lam  portion  of  the  masonry,  and  of  the  earth  previously 
thoroughly  moistened. 

When  there  is  an  embankment  rising  above  the  top  oi 
the  wall,  the  proper  thickness  (in  cases  in  which  the  height 
of  the  superincumbent  load  does  not  much  exceed  the 
height  of  the  wall)  may  be  approximately  obtained  by 
substituting  in  the  same  formula,  instead  of  the  height 
of  the  wall,  the  sum  of  the  heights  of  the  wall  and  of  the 
earth  above  it.t 

Thus  far  both  faces  of  the  retaininsr  wall  have  been 
supposed  to   be  vertical.     But  the  same   strength  with  a 


Fig.  104. 


less  amount  of  material  may  be  ob- 
tained by  various  modifications  of  its 
section. 

The  face  of  the  wall  may  be  advan- 
tageously made  to  slope  with  a  **^a/zr," 
varying  from  3'^,  or  ^  inch  horizontal 
to  1  foot  vertical,  to  |,  or  2  inches  to  1 
foot. 


To  find  the  mean  thickness  of  such  a 
wall,  which  shall  have  the  sanne  stability 
as  another  wall  with  vertical  faces,  and 
of  the  thickness  obtained  by  the  preceding  rules,  subtract  from 
this  given  thickness  four-tenths  of  the  entire  projection  of  the 
hdtir.X  Thus,  if  the  given  thickness  be  4  feet,  and  the  height 
84  feet,  and  the  corresponding  mean  thickness  of  a  wall  with 


•  Poncelet,  §  34. 


t  Ibid.  §  22 


tIbid.$79L 
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a  bdtirot  ^V  be  desired,  it  will  be  4  .  — -j4,xf|=4  .  —  .8=:3.2. 
The  bdtir  is  supposed  not  to  exceed  one-fifth  of  the  height 
From  the  mean  thickness,  those  of  the  top  and  bottom  are 
readily  deduced,  knowing  the  height  and  hdlir. 

Fig.  105 


The  desired  increase  of  thick- 
ness towards  the  bottom  of  a  wall 
IS  often  given  by  offsets  at'  its 
back.  Considerable  resistance  to 
the  overturning  of  the  wall  is  of- 
fered by  the  weight  of  the  earth 
which  rests  upon  these  offsets. 


Fig.  lOG 


Still  more  economical  of 
masonry  is  a  leaning  retain- 
ing wall,  in  which  the  back 
has  a  bdtir f  which  may  ad- 
vantageously be  1  in  6.  In 
this  case  strength  requires 
that  the  perpendicular  let  fall 
from  the  centre  of  gravity 
of  the  section  upon  the  base, 
should  fall  so  far  within  the 
inner  edge  of  the  base,  that 
Uie  stone  of  the  bottom  course  of  the  foundation  may 
present  sufficient  surface  to  bear  the  pressure  upon  it. 


*  Mahaa,  p.  142. 


"■^1 
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The  strength  of  a  ^all  may  be  still  farther  increased  by 
lessening  its  thickness,  and  employing  the  difference  of 
the  amount  of  masonry  in  buttresses  or  counter-forts,  at 
tached  to  its  back  at  regular  intervals,  and  firmly  banded 

Fig.  107. 


with  it.  The  trapezoidal  section  for  them  is  preferred,  as 
giving  a  broader  base  of  union.  Fig.  107  is  a  ground  plan 
of  such  an  arrangement. 

To  lessen  the  pressure  of  an  embankment,  that  portion 
of  it  next  the  wall  should  be  formed  in  compact  layers, 
inclining  downward  from  the  wall.  Through  the  wall 
should  be  left  holes  (harhacanes)  six  inches  high  and  three 
wide,  disposed,  in  the  quincunx  form,  at  distances  of  six 
feet  horizontally,  and  four  feet  vertically,  in  order  to  give 
vent  to  the  water  which  may  filtrate  through  the  bank. 

The  masonry  of  a  wall  which  has  to  sustain  great 
pressures,  requires  much  attention.  The  following  is 
part  of  the  specification  for  such  walls  of  rubble  ma- 
sonry on  the  public  works  of  the  state  of  New  York. 
"  The  stone  shall  be  sound,  well-shaped,  and  durable, 
and  of  not  less  than  6  inches  in  thickness,  and  three  feet 
area  of  bed.  The  smoothest  and  broadest  bed  shall  in 
all  cases  be  laid  down,  and  if  it  be  rough  and  uneven,  all 
projecting  points  shall  be  hammered  off;  and  the  same 
from  the  top  bed,  so  as  to  give  the  succeeding  stone  a 
firm  bearing.  In  all  cases  the  bed  shall  be  properly  pre- 
pared, by  levelling  up,  before  the  next  stone  is  laid,  but 
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levellers  shall  be  placed  under  a  stone  by  raising  it 
fi  its  bed.  One-fourth  of  the  wall  shall  be  composed 
headers^  which  shall  extend  through  the  wall,  where 
s  not  more  than  two  feet  thick,  and  from  2  to  4  feet 
k  for  thicker  walls.  The  whole  shall  be  laid  in  hy- 
ilic  mortar,  composed  of  the  best  quality  of  cement^ 
clean  sharp  sand  ;  and  particular  care  shall  be  taken 
lave  each  stone  surrounded  with  mortar,  and  tho> 
jhly  bedded  in  it.** 
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CHAPTER  TV 

IMPROVEMENT  OF  THE  SURFACE. 

••  Next  to  tlie  general  influence  of  the  seasons,  there  to  perhaps  no  cir« 
cumstance  more  interesting  to  men  in  a  civilized  state,  th«ui  the  perfectm 
"kf  the  means  of  interior  communication." 

Committee  of  House  of  Commons,  1819. 

The  surface  of  a  newly-made  road  is  generally  very 
deficient  in  the  important  qualities  of  hardness  and  smooth- 
ness, and  to  secure  these  attributes  in  their  highest  at- 
tainable degree,  it  is  necessary  to  co\er  the  earth,  v^hich 
forms  the  natural  surface  of  the  road,  with  some  other 
material,  such  as  stone,  wood,  &r.  The  benefits  of  such 
a  process  are  twofold,  consisting, 

1.  In  substituting  a  hard  and  smooth  surface  for  the 
soft  and  uneven  earth  ; 

2.  In  protecting  the  ground  beneath  it  from  the  action 
of  the  rain-water,  which,  by  penetrating  to  it,  and  remain- 
mg  upon  it,  would  not  only  impede  the  progress  of  vehi- 
cles, but  render  the  road  too  weak  to  bear  their  weight. 

Such  a  covering  should  be  regarded,  not  as  an  arch  to 
bear  the  weight  of  the  vehicles,  but  simply  as  a  roof,  to 
protect  the  earth  beneath  it  from  the  weather ;  not  as  a 
substitute  for  the  soil  under  it,  but  only  as  a  protection  to 
tliat  soil  to  enable  it  to  retain  its  natural  strength.  Erro- 
neous views  on  this  point  have  caused  very  prejudicial 
practices,  particularly  in  the  case  of  broken  stone,  or 
McAdam-roads. 
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Tlie  various  surfaces  will  be  considered  in  ihe  following 
order  ;  beginning  with  the  most  imperfect,  thai  of  the 
unimproved  earth,  and  ending  with  the  nnost  perfect  yet 
attained — that  of  Railroads. 

1.  EARTH  ROADS. 

2.  GRAVEL  ROADS. 

3.  BROKEN  STONE,  OR  McADAM  ROADS. 

4.  PAVED  ROAD& 
6.  ROADS  OF  WOOD. 

6.  ROADS  OF  OTHER  MATERIALS. 

7.  ROADS  WITH  TRACKWAYS. 


1.  EARTH  ROADS. 

Roads  of  earth,  with  the  surfaces  of  the  excavations 
and  embanknient  uninnproved  by  art,  are  very  deficient  at 
all  times  in  the  important  requisites  of  smoothness  and 
hardness,  and  in  the  spring  are  almost  impassable.  But 
with  all  their  faults,  they  are  almost  the  only  roads  in  this 
country,  (the  scantiness  of  labor  and  capital  as  yet  pre- 
venting the  adoption  of  better  ones)  and  therefore  no  pains 
should  be  spared  to  render  them  as  good  as  their  nature 
will  permit. 

The  faults  of  surface  being  so  great,  it  is  especially  ne- 
cessary to  lessen  all  other  defects,  and  to  make  the  road  in 
all  other  respects  as  nearly  as  possible  "  what  it  ought  to 
be."  Its  grades  should  therefore  be  made,  if  possible,  as 
easy  as  1  in  30,*  by  winding  around  the  hills,  or  by  cut- 
ting them  down  and  fiUing  up  the  valleys.  Its  shape 
should  be  properly  formed  with  a  slope  of  I  in  201  each 

•  Sec  page  41.  t  Page  !>] 
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brandies  of  'he  letter  V>  and  descending  from  the  angu- 
lar  point  lo  the  side-ditches.  They  are  called  "mitre 
drains."  In  very  wet  ground,  a  deep  but  narrow  drain, 
filled  with  broken  stones,  may  be  carried  through  the 
middle  of  the  road. 

CATCHWATERS,    OR  WATER-TABLES.  " 

These  are  very  shallow  paved  ditches,  formed  across 
the  road  upon  a  slope,  to  catch  the  water  which  runs 
down  its  length,  (and  which  would  otherwise  furrow  up 
the   road-way)  and  lo  turn  it  off  into  the  side-ditches. 
They  are  also  necessary  in  the  hollows  which  exist  at  the 
points  where  a  descent  and  ascent  meet.     They  should 
he  so  laid  that  a  carriage  will  not  feel  any  shock  in  pass- 
ing over  them.     Their  bottom  may  be  flat,  and  six  feet 
wide,  and  for  twelve  feet  on  each  side  they  may  rise  one 
inch  to  l[)e  foot.     The  side-slope,  down  which  they  dis- 
rharge  their  waters,  should  be  also  paved.     Sometimes 
lor  economy  they  are  used  as  a  substitute  for  a  culvert  to 
carry  the  waters  of  a  small  stream  across  the  road  ;  but 
this  is  very  objectionable,  particularly  from  the  ledges  of 
ice  which  will  be  there  formed  in  winter.    They  are  some- 
times shaped  like  a  Vj  with  the  point  directed  up  the  as- 
cent, and  will  then  divide  the  waters.     In  mountainous 
situations  they  should  be  located  obliquely  to  the  axis  of 
the  road,  and  the  most  advantageous  position  will  evident- 
ly be  that  which  has  the  greatest  descent  with  the  least 
length,  and  may  be  geometrically  determined. 

Let  the  longitudinal  slope  of  the  road  descending  trom  A  tw 
B,  be  m  to  1 ;  and  let  its  transverse  slope  from  A  to  C  be  n  to 
1 ;  the  former  being  here  supposed  steeper  than  the  latter 
Tt  is  required  to  determine  the  position  of  the  catchwater  AD 
BO  that  it  may  have  the  greatest  slope  possible. 
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If  a  lino,  BC,  be  so  drawn  on  the  pig.  lOl. 

surface  of  the  road  as  to  be  horizon-      a        L_-B. 

tal,  the  desired  line  of  greatest  slope, 
AD,  will  be  perpendicular  to  it,  as  ex- 
plained on  page  75.  The  position  of 
this  horizontal  line  must  therefore  be 
first  determined.  The  two  points,  A 
and  B,  which  it  unites,  being  on  the 
same  level,  the  descent  from  A  to  B 
equals  that  from  A  to  C.  These  de- 
scents are  expressed  respectively  by 

AB       ^   AC       .  .        ^ 

and  ,  giving  the   equation, 


m 
AB 


n 


AC 


=  —  ;  whence  AC  =  AB  • 
m  n 


n 
m 


Therefore,  to  obtain  the  position  AD  by  a  graphical  con* 
struction,  make  AB  of  any  length,  and  set  off  AC  (as  given  by 
the  equation)  at  right  angles  to  it ;  join  CB,  and  from  A  draw 
the  perpendicular  AD,  which  will  be  the  line  required. 

If  it  be  required  to  define  the  position  AD,  by  the  angle 
BAD,  it  will  be  seen   that   BAD  =  ACB ;    and  that 

AB  AB 


.      *^«      AB 
em.  ACB=  775  = 


(:B~v'(AB''  +  AC'') 


( 


V'  (  AB«  +  AB^ 


0+£«) 


^/ 


If  m  =  20  and  n  =  30,    sin.  ACB  =  .5555,  and  ACB  = 
J3°  45 . 

Care  must  be  taken  to  avoid  placing  the  calchwater  in 
the  direction  of  the  diagonal  of  the  rectangle  formed  by 
the  four  wheels  of  a  carriage  ;  in  order  to  avoid  the  double 
shock  which  would  otherwise  be  caused  by  two  wheels 
sinking  into  it  at  once. 

A  cheap  suustitute  for  a  catch  water  on  :i  steep  slope  is 
a  mound  of  earth,  crossnig  the  road  obliquely.     This  will 
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Fig.  103. 


resling-place  on 
ihe  ascenl.  It 
should  be  so  pro- 
portioned, tliat 
carrinjTCs  may  pass  it  without  inconvenience. 


Retaining,  sustaining,  revetment,  and  breast  walls  as 
t'lcir  various  names  import,  are  employed  to  support 
masses  of  earth,  and  to  resist  their  lateral  pressure.  Their 
use,  when  a  road  passes  along  a  steep  hill-side,  has  been 
already  explained.  In  passing  through  villages  also,  where 
land  is  valuable,  a  narrower  space  will  suffice  for  a  road 
ill  excavation  or  embankment,  if  retaining  walls  be  sub 
siitnted  for  side- slopes. 

The  calculation  of  the  necessary  thickness  for  retain- 
\ng  walls,  to  enable  them  to  resist  the  thrust  of  the  earth 
wliich  they  are  intended  to  support,  is  a  problem  of  con- 
siderable intricacy  of  investigalion,  as  well  as  one  of  much 
uncertainty,  in  consequence  of  the  numerous  and  greatly 
varied  data  required. 

When  a  wall,  of  Fig.  103. 

which  ADCD  is  a 
transverse  section, 
supports  a  mass  of 
earth,  there  is  a 
certain  triangular 
portion,  AD]''),  of 
the  earth,  which 
would  slide  down- 
ward if  the  wall 
were  retnoved,  and  which  therefore  now  presses  againat 
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the  wall  with  a  force,  varying  with  its  height,  its  specific 
gravity,  and  the  angle,  ADE,  at  which  the  earth  would 
stand  if  unsupported.  The  wall  may  yield  to  its  pressure 
by  sliding  along  its  base,  or  along  some  horizontal  course, 
or  by  being  overturned  and  revolving  about  the  exterior 
3dge  of  one  of  its  horizontal  joints.  The  latter  is  the 
only  danger  to  be  feared  in  a  well-built  wall. 

The  most  complete  investigation  of  the  problem  of  the  proper 
thickness  of  retaining  walls  has  been  made  by  M.  Poncelet  in 
a  Memoir,*  of  which  a  translation  has  appeared  in  the  Journiil 
of  the  Franklin  Institute  for  1843.  It  contains  valuable  ta- 
bles as  well  2kS  formul(B.  Let  a  denote  the  angle  with  the  ver- 
tical made  by  the  line  of  the  natural  slope  of  the  earth,  and 
represented  by  ADE  in  the  figure.  It  will  vary  from  70°,  as 
in  the  case  of  very  fine  dry  sand,  to  35°,  as  in  the  case  of 
heavy  clayey  earth.  Let  w  denote  the  weight  of  any  unit  of 
the  earth,  and  w'  that  of  the  same  unit  of  the  masonry.  The 
specific  gravity  of  the  former  ranges  between  1.4  and  1.9, 

w 
and  that  of  the  latter  between  1.7  and  2.5.+    The  ratio  —  is 

w 

therefore  usually  between  f  and  1.     For  the  simplest  case, 

that  in  which  the  embankment  does  not  rise  above  the  wall,  the 

formula];  for  the  thickness  corresponding  to  any  height  H,  is 

Tan.  J  u  X  T«o  Vj  *  H. 

This  gives  a  stability  of  1.92  to  1,  or  nearly  double  that  of  a 
strict  equilibrium. 


For  the  usual  assumed  mean  values  of  a  —  45°,  and 
=  I,  the  formula  gives  for  the  required  thickness  of 
the  wall  xVtj  or  a  little  over  a  quarter  of  the  height. 


w 


*  No.  13  du  Memorial  de  Vofficier  du  Oenie.  See  also  Prony  ;  Re 
cherches  9ur  la  Pouasee  dea  Terrea ;  aud  Navier  ;  Legona  aur  VAppli 
Hon  de  la  Mecanique  aux  Conatructiona. 

t  Navier.  t  PoDr*»K  ^  12. 
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brandies  of  'he  letter  V?  ^^^  descending  from  the  angu* 
lar  point  to  the  side-ditches.  They  are  called  "mitre 
drains."  In  very  wet  ground,  a  deep  but  narrow  drain, 
filled  with  broken  stones,  may  be  carried  through  the 
middle  of  the  road. 

CATCHWATERS,    OR  WATER-TABLES.  " 


These  are  very  shallow  paved  ditches,  formed  across 
the  road  upon  a  slope,  to  catch  the  water  which  runs 
down  its  length,  (and  which  would  otherwise  furrow  up 
the   road-way)   and  to  turn  it  off  into  the  side-ditches. 
They  are  also  necessary  in  the  hollows  which  exist  at  the 
points  where  a  descent  and  ascent  meet.     They  should 
be  so  laid  that  a  carriage  will  not  feel  any  shock  in  pass- 
ing over  them.     Their  bottom  may  be  flat,  and  six  feet 
wide,  and  for  twelve  feet  on  each  side  they  may  rise  one 
inch  to  the  foot.     The  side-slope,  down  which  they  dis- 
charge their  waters,  should  be  also  paved.     Sometimes 
lor  economy  they  are  used  as  a  substitute  for  a  culvert  to 
carry  the  waters  of  a  sfnall  stream  across  the  road  ;  but 
this  is  very  objectionable,  particularly  from  the  ledges  of 
ice  which  will  be  there  formed  in  winter.    They  are  some- 
times shaped  like  a  V?  with  the  point  directed  up  the  as- 
cent, and  will  then  divide  the  waters.     In  mountainous 
situations  they  should  be  located  obliquely  to  the  axis  of 
the  road,  and  the  most  advantageous  position  will  evident- 
ly be  that  which  has  the  greatest  descent  with  the  least 
length,  and  may  be  geometrically  determined. 

Let  the  longitudinal  slope  of  the  road  descending  from  A  tw 
B,  be  m  to  1 ;  and  let  its  transverse  slope  from  A  to  C  be  n  tci 
1 ;  the  fornTer  being  here  supposed  steeper  than  the  latter. 
Tt  is  required  to  determine  the  position  of  the  catchwater  AD 
BO  that  it  may  have  the  greatest  slope  possible. 
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If  a  line,  BC,  be  so  drawn  on  tlie 
surface  of  the  road  as  to  be  horizon- 
tal, the  desired  line  of  greatest  slope, 
AD,  will  be  perpendicular  to  it,  as  ex- 
plained on  page  75.  The  position  of 
this  horizontal  line  must  therefore  be 
first  determined.  The  two  points,  A 
and  B,  which  it  unites,  being  on  the 
same  level,  the  descent  from  A  to  B 
equals  that  from  A  to  C.  These  de- 
scents are  expressed  respectively  by 

AB        .   AC       .  .        ^ 

giving  the   equation, 


and 


m 
AB 


n 


AC        .  ,^        ,^      n 

=:  —  ;  whence  AC  =  AB  •  — . 
m  n  m 

Therefore,  to  obtain  the  position  AD  by  a  graphical  con- 
struction, make  AB  of  any  length,  and  set  off  AC  (as  given  by 
the  equation)  at  right  angles  to  it;  join  CB,  and  from  A  draw 
the  perpendicular  AD,  which  will  be  the  line  required. 

If  it  be  required  to  define  the  position  AD,  by  the  angle 

BAD,  it  will  be  seen   that   BAD  =  ACB ;    and  that 

.      .__      AB  AB  AB 

sin.  ACB=  775  = 


CB  "■  v' ( AB^ -h  AC*) 


( 


>/  (  AB'  +  AB 


V 


(»+!') 


If  m  =  20  and  n  =  30,    sin.  ACB  =  .5555,  and  ACB  = 
J3°  45 . 


Care  must  be  taken  to  avoid  placing  the  catchwater  in 
die  direction  of  the  diagonal  of  the  rectangle  formed  by 
the  four  wheels  of  a  carriage  ;  in  order  to  avoid  the  double 
shock  which  would  otherwise  be  caused  by  two  wheels 
sinking  into  it  at  once. 

A  cheap  suustitute  for  a  catchwater  on  ;i  steep  slope  is 
a  inound  of  earth,  crossing  the  road  obliquely.     This  will 
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IS2 

also   serve    as 

resling-place 

the     ascent. 

sfiould  be  so  f 

portioned,       tiiat 

carriaj^cs  may  pass  it  without  inconvenience. 


Retaining,  sustaining,  revetment,  and  breast  walla  as 
tbeir  various  names  import,  are  employed  to  support 
masses  of  earth,  and  to  resist  their  lateral  pressure.  Their 
use,  when  a  road  passes  along  a  steep  hill-side,  has  been 
already  explained.  In  passing  through  villages  also,  where 
land  is  valuable,  a  narrower  space  will  suffice  for  a  road 
ill  excavation  or  embankment,  if  retaining  walls  be  suh 
Mtimted  for  side-slopes. 

The  calculation  of  the  necessary  thickness  for  retain- 
ing walls,  to  enable  them  to  resist  the  thrust  of  the  earth 
which  lliey  are  intended  to  support,  is  a  problem  of  con- 
siderable intricacy  of  investigation,  as  well  as  one  of  much 
uncertainty,  in  consequence  of  the  numerous  and  greatly 
varied  data  rerjuired. 


Elg.  103. 


When  a  wall,  of 
wliich  ABCD  is  a 
transverse  section, 
supports  a  mass  of 
eartli,  there  is  a 
certain  triangular 
portion,  ADE,  of 
the  earth,  which 
would  slide  down- 
ward if  the  wall 
nerc  removed,  and  which  thcrelore  nou  presses  against 
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the  wall  with  a  force,  varying  with  its  height,  its  specific 
gravity,  and  the  angle,  ADE,  at  which  the  earth  would 
pland  if  unsupported.  The  wall  may  yield  to  its  pressure 
by  sliding  along  its  base,  or  along  some  horizontal  course, 
or  by  being  overturned  and  revolving  about  the  exterior 
sdge  of  one  of  its  horizontal  joints.  The  latter  is  the 
only  danger  to  be  feared  in  a  well-built  wall. 

The  most  complete  investigation  of  the  problem  of  the  proper 
thickness  of  retaining  walls  has  been  made  by  M.  Poncelet  in 
a  Memoir,*  of  which  a  translation  has  appeared  in  the  Journal 
oi  the  Franklin  Institute  for  1843.  It  contains  valuable  ta- 
bles as  well  3.8  formul(B.  Let  a  denote  the  angle  with  the  ver- 
tical made  by  the  line  of  the  natural  slope  of  the  earth,  and 
represented  by  ADE  in  the  figure.  It  will  vary  from  70°,  as 
in  the  case  of  very  fine  dry  sand,  to  35°,  as  in  the  case  o* 
heavy  clayey  earth.  Let  w  denote  the  weight  of  any  unit  of 
the  earth,  and  w'  that  of  the  same  unit  of  the  masonry.  The 
specific  gravity  of  the  former  ranges  between  1.4  and  1.9, 

w 
and  that  of  the  latter  between  1.7  and  2.5.+    The  ratio  — :  is 

w 

therefore  usually  between  f  and  1.     For  the  simplest  case, 

that  in  which  the  embankment  does  not  rise  above  the  wall,  the 

formula!  for  the  thickness  corresponding  to  any  height  H,  is 

Tan.  J  u  X  tV  Vjr  '  H. 

This  gives  a  stability  of  1.92  to  1,  or  nearly  double  that  of  a 
strict  equilibrium. 

For  the  usual  assumed  mean  values  of  a  =  45°,  and 

—  =  I,  the  formula  gives  for  the  required  thickness  of 

the  wall  yViTj  or  a  Httle  over  a  quarter  of  the  height. 

*  No.  13  du  Memorial  de  Vofficier  du  Genie.  See  also  Prony  ;  Re 
cherches  sur  la  Pousaee  dea  Terres;  aud  Navier  ;  Legons  sur  VApjtli 
tion  de  la  Mecanique  aux  Constructions. 

t  Navier.  t  PoDCAlet,  ^  12. 
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The  CAcreme  limits  in  any  case  are  from  y^yVt  ^^  ^^^ 
fifth  of  the  height,  with  compact  earth  and  heavy  mason- 
ry, to  rWo>  or  not  quite  half  the  height,  with  loose  earth 
and  light  masonry.*  The  precise  thickness  can  be  cal 
ciliated  by  the  preceding  formula ;  after  noting  the  slope 
at  which  the  earth  naturally  stands,  and  weighing  a  cer- 
tain portion  of  the  masonry,  and  of  the  earth  previously 
thoroughly  moistened. 

When  there  is  an  embankment  rising  above  the  top  oi 
the  wall,  the  proper  thickness  (in  cases  in  which  the  height 
of  the  superincumbent  load  does  not  much  exceed  the 
height  of  the  wall)  may  be  approximately  obtained  by 
substituting  in  the  same  formula,  instead  of  the  height 
of  the  wall,  the  sum  of  the  heights  of  the  wall  and  of  the 
earth  above  it.t 

Thus  far  both  faces  of  the  retaining  wall  have  been 
supposed  to   be  vertical.     But  the  same   strength  with  a 


Fig.  104. 


less  amount  of  material  may  be  ob- 
tained by  various  modifications  of  its 
section. 

The  face  of  the  wall  may  be  advan- 
tageously made  to  slope  with  a  "Z>«/2V," 
varying  from  3'^,  or  ^  inch  horizontal 
to  1  foot  vertical,  to  |,  or  2  inches  to  1 
foot. 


To  find  the  mean  thickness  of  such  a 
wall,  which  shall  have  the  same  stability 
as  another  wall  with  vertical  faces,  and 
of  the  thickness  obtained  by  the  preceding  rules,  subtract  from 
this  given  thickness  four-tenths  of  the  entire  projection  of  the 
bdtir.X  Thus,  if  the  given  thickness  be  4  feet,  and  the  height 
24  feet,  and  the  corresponding  mean  thickness  of  a  wall  with 


•  Poncelet,  §  34. 


t  Ibid.  §  22 


t  Ibid.  §  7& 
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a  bdtir  ot  Jg  be  desired,  it  will  be  4  .  —  j%  Xf  |=4  .  —  .8=3.2. 
'I'hc  bdtir  is  supposed  not  to  exceed  one-fifth  of  the  height 
From  the  mean  thickness,  those  of  the  top  and  bottom  are 
readily  deduced,  knowing  the  height  and  bdtir. 

Fig.  105 


The  desired  increase  of  thick- 
ness towards  the  bottom  of  a  wall 
IS  often  given  by  offsets  at'  its 
back.  Considerable  resistance  to 
the  overturning  of  the  wall  is  of- 
fered by  the  weight  of  the  earth 
which  rests  upon  these  offsets. 


Fig.  106 


Still  more  economical  of 
masonry  is  a  leaning  retain- 
ing wall,  in  which  the  back 
has  a  bdtiry  which  may  ad- 
vantageously be  1  in  6.  In 
this  case  strength  requires 
that  the  perpendicular  let  fall 
from  the  centre  of  gravity 
of  the  section  upon  the  base, 
should  fall  so  far  within  the 
inner  edge  of  the  base,  that 
llie  stone  of  the  bottom  course  of  the  foundation  may 
present  sufficient  surface  to  bear  the  pressure  upon  it. 


*  Mahaa,  p.  142. 
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The  strength  of  a  wall  may  be  still  farther  increased  by 
lessening  its  thickness,  and  employing  the  difference  of 
the  amount  of  masonry  in  buttresses  or  counter-forts,  at 
tached  to  its  back  at  regular  intervals,  and  firmly  banded 

Fig.  107. 


with  it.  The  trapezoidal  section  for  them  is  preferred,  as 
giving  a  broader  base  of  union.  Fig.  107  is  a  ground  plan 
of  such  an  arrangement. 

To  lessen  the  pressure  of  an  embankment,  that  portion 
of  it  next  the  wall  should  be  formed  in  compact  layers, 
inclining  downward  from  the  wall.  Through  the  wall 
should  be  left  holes  {barbacanes)  six  inches  high  and  three 
wide,  disposed,  in  the  quincunx  form,  at  distances  of  six 
feet  horizontally,  and  four  feet  vertically,  in  order  to  give 
vent  to  the  Wdter  which  may  filtrate  through  the  bank. 

The  masonry  of  a  wall  which  has  to  sustain  great 
pressures,  requires  much  attention.  The  following  is 
part  of  the  specification  for  such  walls  of  rubble  ma- 
sonry on  the  public  works  of  the  state  of  New  York. 
"  The  stone  shall  be  sound,  well-shaped,  and  durable, 
and  of  not  less  than  6  inches  in  thickness,  and  three  feet 
area  of  bed.  The  smoothest  and  broadest  bed  shall  in 
all  cases  be  laid  down,  and  if  it  be  rough  and  uneven,  all 
projecting  points  shall  be  hammered  off;  and  the  same 
from  the  top  bed,  so  as  to  give  the  succeeding  stone  a 
firm  bearing.  In  all  cases  the  bed  shall  be  properly  pre- 
pared, by  levelling  up,  before  the  next  stone  is  laid,  but 
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tio  levellers  shall  be  placed  under  a  stone  by  raising  it 
from  its  bed.  One-fourth  of  the  wall  shall  be  composed 
of  headers^  which  shall  extend  through  the  wall,  where 
it  is  not  more  than  two  feet  thick,  and  from  2  to  4  feet 
back  for  thicker  walls.  The  whole  shall  be  laid  in  hy- 
draulic mortar,  composed  of  the  best  quality  of  cement* 
and  clean  sharp  sand  ;  and  particular  care  shall  be  taken 
to  have  each  stone  surrounded  with  mortar,  and  tho- 
roughly bedded  in  it.*' 


'-T  r- 
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CHAPTER  TV 

IMPROVEMENT  OF  THE  SURFACE. 

**  Next  to  the  general  influence  of  the  seasons,  there  to  perhain  no  en* 
cnmstance  more  interesting  to  men  in  a  civilized  state,  than  che  |>er/(!cli()ti 
•^f  the  means  of  interior  communication." 

Committee  of  House  of  Commons^  1819. 

The  surface  of  a  newly-made  road  is  generally  very 
deficient  in  the  important  qualities  of  hardness  and  smooth- 
ness, and  lo  secure  these  attributes  in  their  highest  at- 
tainable degree,  it  is  necessary  to  co\er  the  earth,  which 
forms  the  natural  surface  of  the  road,  with  some  other 
material,  such  as  stone,  wood,  &c.  The  benefits  of  such 
a  process  are  twofold,  consisting, 

1.  In  substituting  a  hard  and  smooth  surface  for  the 
soft  and  uneven  earth  ; 

2.  In  protecting  the  ground  beneath  it  from  the  action 
of  the  rain-water,  which,  by  penetrating  to  it,  and  remain- 
ing upon  it,  would  not  only  impede  the  progress  of  vehi- 
cles, but  render  the  road  too  weak  to  bear  their  weight. 

Such  a  covering  should  be  regarded,  not  as  an  arch  to 
bear  the  weight  of  the  vehicles,  but  simply  as  a  roof,  to 
protect  the  earth  beneath  it  from  the  weather ;  not  as  a 
substitute  for  the  soil  under  it,  but  only  as  a  protection  to 
that  soil  to  enable  it  to  retain  its  natural  strength.  Erro- 
neous views  on  this  point  have  caused  very  prejudicial 
practices,  particularly  in  the  case  of  broken  stone,  or 
McAdam-roads. 
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Tlie  various  surfaces  will  be  considered  in  ihe  following 
order  ;  beginning  with  the  most  imperfect,  that  of  the 
unimproved  earth,  and  ending  with  the  most  perfect  yet 
attained — that  of  Railroads. 

1.  EARTH  ROADS. 

2.  GRAVEL  ROADS. 

3.  BROKEN  STONE,  OR  McADAM  R0AD& 
4-  PAVED  ROAD& 

6.  ROADS  OP  WOOD. 

6.  ROADS  OP  OTHER  MATERIALS. 

7.  ROADS  WITH  TRACKWAYS. 


1.  EARTH  ROADS. 

Roads  of  earth,  with  the  surfaces  of  the  excavations 
and  embankment  unimproved  by  art,  are  very  deficient  at 
all  times  in  the  important  requisites  of  smoothness  and 
hardness,  and  in  the  spring  are  almost  impassable.  J^it 
with  all  their  faults,  they  are  almost  the  only  roads  in  this 
country,  (the  scantiness  of  labor  and  capital  as  yet  ]ire- 
venting  the  adoption  of  better  ones)  and  therefore  no  pains 
should  be  spared  to  render  them  as  good  as  their  nature 
will  permit. 

The  faults  of  surface  being  so  great,  it  is  especially  ne- 
cessary to  lessen  all  other  defects,  and  to  make  the  road  in 
all  other  respects  as  nearly  as  possible  "  what  it  ought  to 
be."  Its  grades  should  therefore  be  made,  if  possible,  as 
easy  as  1  in  30,*  by  winding  around  the  hills,  or  by  cut- 
ting them  down  and  filHng  up  the  valleys.  Its  shape 
should  be  properly  formed  with  a  slope  of  1  in  201  each 

•  Sec  papro  41.  t  Papft-  51 
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way  from  ihe  centre.  lis  drainage  should  be  made  very 
thorough,  by  deep  and  CHpacious  ditches,  sloping  not  less 
than  I  in  125,*  in  accordance  with  the  ininioiunn  luad 
elope.  Drainage  alone  will  often  change  a  bad  road  to  a 
good  one,  and  without  it  no  permanent  improvement  can 
be  eifecled.  Trees  should  be  removed  from  the  borders  of 
the  road,  as  intercepting  the  sun  and  wind  from  its  surface. 

If  the  soil  be  a  loose  sand,  a  coating  of  sis  inch ea  of 
day  carted  upon  it,  will  be  the  most  effective  and  the 
cheapest  way  of  improving  il,  if  the  clay  can  be  obtained 
within  a  moderate  distance.  Only  one-half  the  width 
need  be  covered  with  the  c!ay,  thus  forming  a  road  for  the 
Slimmer  travel,  leaving  the  other  sandy  portion  untouched, 
to  serve  for  the  travel  in  the  rainy  season. 

If  the  soil  be  an  adhesive  clay,  the  application  of  saad 
in  a  similar  manner  will  produce  equally  beneficial  results. 
On  a  sleep  hil!  these  improvements  will  be  particularlj 
valuable. 

When  the  road  is  worn  down  into  hollows,  and  requires 
a  supply  of  new  material,  its  selection  should  be  made 
with  great  care,  so  that  it  may  be  as  gravelly  as  possible, 
and  enlirely  free  from  vegetable  earth,  muck,  or  mould 
IS'o  sod  or  turf  should  ever  be  allowed  to  come  upon  the 
road,  to  fill  a  liole  or  rut,  or  in  any  other  way  ;  for,  though 
at  first  deceptively  tough,  they  soon  decay,  and  form  the 
softest  mud.  Nor  should  liie  roadmaker  run  into  the  other 
extreme,  and  fill  up  the  ruis  and  holes  with  stones,  which 
will  not  wear  uniformly  with  the  rest  of  the  road,  but  will 
produce  hard  bumps  and  ridges.  The  plough  and  the 
scraper  should  never  be  used  in  repaifing  a  road.  Their 
work  is  large  in  quantity,  but  very  bad  in  quality.     The 
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plough  breaks  up  the  compact  surface,  which  time  and 
travel  had  made  tolerable ;  and  the  scraper  drags  upon 
tlie  road  from  the  side  ditches  the  soft  and  alluvial  mattei 
which  the  rains  had  removed,  but  which  this  implement 
obstinately  returns  to  the  road. 

A  very  good  substitute  for  the  scraper,  in  levelhng  the 
surface  of  the  road,  clearing  it  of  stones,  and  filling  up 
the  ruts,  consists  of  a  stick  of  timber,  shod  with  iron,  and 
attached  to  its  tongue  or  neap  obliquely,  so  that  it  is  drawn 
over  the  road  "  quartering,"  and  throws  all  obstructions 
to  one  side.  The  stick  may  be  six  feet  long,  a  foot  wide, 
and  six  inches  thick,  and  have  secured  to  its  front  side  a 
bar  of  iron  descending  half  an  inch  below  the  wood. 

Every  hole  or  rut  in  a  road  should  be  at  once  filled  up 
with  good  materials,  for  the  wheels  fall  into  them  like 
hammers,  deepening  them  at  each  stroke,  and  thus  in- 
creasing the  destructive  effect  of  the  next  wheel. 

EFFECT   OF    WHEELS    ON    THE    SURFACE. 

The  effects  of  broad  and  narrow  wheels  upon  roads 

* 

have  been  much  discussed,  and  many  laws  enacted  to 
encourage  the  use  of  the  former.  Upon  a  hard  and  well- 
made  road,  (such  as  one  of  broken  stone)  there  is  little 
diflference  between  them,  but  on  a  common  earth  road, 
narniW  wheels,  supporting  heavy  weights,  exercise  a  very 
destructive  cutting  and  ploughing  action.  This  dimin- 
ishes as  the  width  of  the  felloe  increases,  which  it  may 
do  to  such  an  extent,  that  the  wheel  acts  as  a  roller  in  im- 
proving, instead  of  injuring,  the  surface.  For  these  rea 
sons  the  New  York  turnpike  law  enacts  that  carriages, 
having  wheels  of  which  the  lire  or  track  is  six  inches 
wide,  shall  pay  only  half  the  usual  tolls ;    those  with 

wheels  nine  inches  wide,  only  one-fourth  ;  and  that  tliose 

13  * 
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with  twelve  inches  shall  pay  none  at  all.    The  proportions 
af^ree  precisely  with  those  deduced  fronn  observation  bj 
an  experienced  English  roadmaker.*     The  felloe  shouH 
iuive  a  fl-»t  bearing  surface  and  not  a  rounded  one.    The 
benefi'.s  of  broad  wheels  are  sometimes  destroyed  by  over- 
leading  them.     To  prevent  this,  when  tolls  are  collected, 
iJie)  should  be  increased,  for  each  additional  horse,  more 
rapidly  than  the  direct  proportion  ;  thus,  if  one  horse  paid 
3  cents,  two  should  pay  1 1,  three  17,  &c.    Narrow  wheels 
are  particularly  injurious  when  in  rapid  motion,  for  having 
l(!ss  resistance  and  greater  velocity  than  others,  they  re- 
volve less  perfectly,  and  drag  more,  thus  producing  the 
worst  sort  of  effect.     Conical  wheels,  of  which  the  innei 
IS  greater  than  the  outer  circumference,  tend  to  move  in 
a  curve,  and  being  forced  to  proceed  in  a  right  line,  exert 
a  peculiarly  destructive  grinding  action  on  the  road.    On 
McAdam  roads,  horses'  feet  exercise  a  more  destructive 
efl'ect  than  the  wlieels  of  vehicles.     It  has  been  calcula- 
ledt  that  a  set  of  tires  would  run  2700  miles  in  average 
vvealher,  but  that  a  set  of  horses'  shoes  would  bear  only 
200  miles  of  travel.} 


*  Peiifold,  p.  22.  t  Gordou  on  LocomotioD.      ' 

^  The  impeii'ect  surface  of  an  earth  road  makes  it  doubly  important 
to  take  every  precaution  to  lessen  the  friction  of  vehicles  upon  it  The 
resistance  decreases  as  the  breadth  of  the  tire  increases,  on  compressible 
roads,  as  earth,  sand,  gravel,  &c. ;  while  on  paved  and  brOken-stoue  roads, 
the  resistance  is  nearly  independent  of  the  breadth  of  the  tire.*  Cyliti' 
driral  wheels  also  cause  less  friction  than  conical  ones.  The  larger  the 
wheelp  the  less  friction  have  they,  and  the  greater  power  of  leverage  in 
ovrconiing  obstacles.  The  fore-wheels  should  be  as  large  as  the  bind  ones, 
wore  it  not  for  convenience  of  turning.  The  axles  should  he  straigktt 
and  not  btnt  downward  at  the  end,  which  increases  the  friction,  Ibongh 
it  liQK  the  advantage  of  throwing  the  mud  away  from  the  carriage.  The 
JjBod  should  be  placed  on  the  hind  wheels  rather  than  on  the  fore  o 

♦  Morin  p.  3.1U 
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2.  GRAVEL  ROADS.* 

The  roundness  of  the  pebbles,  which  form  the  chief 
part  of  gravel,  whether  from  rivers  or  pits,  prevents  them 
from  perfectly  consolidating,  except  under  much  travel ; 
but  still  a  gravel  road,  properly  made,  is  far  superior  to 
one  of  common  earth.  Gravel  from  the  shores  of  rivers 
is  too  clean  for  this  object,  and  does  not  contain  enough 
earthy  matter  to  unite  and  bind  together  its  pebbles,  which 
are  too  perfectly  water-worn,  and  freed  from  asperities; 
On  the  other  hand,  gravel  dug  from  the  earth  contains  too 
much  earth,  which  must  be  sifted  from  it  before  use.  Two 
sieves  should  be  provided,  through  which  the  gravel  is  to 
be  thrown.  One  should  have  wires,  an  inch  and  a  half 
or  two  inches  apart,  so  that  all  pebbles  above  that  size 
may  be  rejected.  The  other  should  have  spaces  of  three 
quarters  of  an  inch,  and  the  material  which  passes  through 
it  should  be  thrown  away,  or  employed  for  foot-paths. 
The  expense  of  sifting  will  be  more  than  repaid  by  the 
superior  condition  of  the  road  formed  by  the  purified  ma- 
terial, and  the  diminution  of  labor  in  keeping  it  in  order. 

The  road-bed  should  be  well  shaped  and  drained.  If 
it  is  rock,  all  projecting  points  should  be  broken  off,  and 
a  layer  of  earth,  a  foot  thick,  should  be  interposed,  or  the 
gravel  will  wear  away  much  more  rapidly,  and  consoli- 
date much  more  slowly. 


Long  and  pliant  aprtnga  greatly  lessen  the  shock  of  passing  over  obsta- 
cles, and  their  advantage  has  been  stated  to  be  equal  to  one  horse  in  fou* 
The  line  of  draught  should  ascend  at  an  angle  of  15  degrees,  so  tiint 
whriu  the  horse  leans  forward  in  pulling,  his  force  will  be  exerted  neurlv 
norizoutaily 
*  Famoll,  Pi  170.   Ponfold  p.  13.     Amer.  Railroad  Jourual,  vol.  11  p.  4 


194  IMPROVEMENT    OP    rilB    SURFACE. 

A  coating  oi  four  inches  of  gravel  should  be  spread 
over  the  road>bed,  and  vehicles  allowed  to  pass  oyer  it 
ul  it  becomes  tolerably  firm,  and  is  nearly,  but  not  en* 
tirely,  consolidated ;  men  being  stationed  to  continually 
rake  in  the  ruts,  as  fast  as  they  appear.  A  second  coal- 
ing of  3  or  4  inches  should  then  be  added  and  treated  like 
the  first ;  and  finally  a  third  coating.  A  very  heavy  roller 
drawn  over  the  road  will  hasten  its  consolidation.  Wei 
weather  is  the  most  favorable  time  for  adding  new  ma 
terials. 

A  very  erroneous  practice  is  that  of  putting  the  larger 
gravel  at  the  bottom,  and  the  smaller  at  the  surface ;  for, 
from  the  effects  of  the  frost,  and  of  the  vibration  of  car- 
riages, the  larger  stones  will  rise  to  the  surface  and  the 
smaller  ones  descend,  like  the  materials  in  a  shaken  sieve, 
and  the  road  will  never  become  firm  and  smooth. 

3.  BROKEN.STONE  ROADS. 

Broken-stone  roads  have  been  the  subjects  of  violent 
partisanship  on  many  disputed  points,  and  the  most  im- 
portant of  these  questions  relates  to  the  propriety  or  ne- 
cessity of  a  paved  foundation  beneath  the  coating  of  bro- 
ken stones.  McAdam  warmly  denies  the  advantages  of 
this,  while  Telford  supports  and  practises  it.  Broken- 
stone  roads  may  tlierefore  be  conveniently  divided  uito 
McAdam  roads  and  Telford  roads, 

McADAM  ROAUS. 

Mr.  McAdam,  who  first  brought  into  general  use  m 
England  roads  of  broken  stone,  and  from  whom  they  de- 
rive their  popular  name,  is  said*  to  have  deduced  tJic 

^-^^^^^^^  ,„ ,    ,^,  ,  III  ,     -  , wm-^^  _— ^ ■ — m — r  ^^~^^^ 

*  Millinifton,  p.  234. 
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leading  pnnciples  of  Lis  improved  system  from  his  obser- 
vation of  the  passage  of  a  heavy  vehicle,  such  as  a  loaded 
stage-coach,  over  a  newly-formed  gravel  road.  The  wheels 
sink  in  to  a  considerable  depth,  and  plough  up  the  road, 
in  consequence  of  the  roundness  of  the  pebbles,  which 
renders  them  easily  displaced.  Hence  ensues  great  fric- 
tion against  the  wheels  ;  which,  moreover,  are  always  in 
hollows  with  little  hills  of  pebbles  in  front  of  them,  which 
they  must  roll  over  or  push  aside.  The  evil  continues, 
until  at  last,  after  long- repealed  passages  of  heavy  vehi- 
cles, the  pebbles  have  become  broken  into  angular  frag- 
ments, which  finally  form  a  compact  mass. 

But  since  this  is  so  desirable  a  consummation,  the  task 
of  breaking  the  stones  ought  not  to  be  imposed  on  the 
carriages,  but  should  be  performed  in  advance  by  manual 
labor,  by  which  it  will  be  executed  far  more  speedily, 
effectually,  and  completely. 

Hence  is  deduced  the  leading  pnnciple  of  the  system, 
viz. :  that  the  stones  should  be  all  broken  by  hand  into 
angular  fragments  before  being  placed  on  the  road,  and 
that  no  rounded  stones  should  ever  be  introduced. 

In  the  next  place,  whenever  a  carriage-wheel,  or  horse's 
hoof,  falls  eccentrically  on  a  large  stone,  it  is  loosened 
from  its  place,  and  disturbs  the  smaller  ones  for  a  consid- 
erable distance  around  it,  thus  preventing  their  consol- 
idation. Therefore  no  large  stones  should  be  ever  em- 
ployed. 

Small  angular  stones  are  the  cardinal  requisites.  When 
of  suitable  materials  of  proper  size,  and  applied  in  ac- 
cordance with  the  directions  which  will  be  presently  given, 
they  will  unite  and  consolidate  into  one  mass,  almost  as 
solid  as  the  original  stone,  with  a  smooth,  hard,  and  un- 
elastic  surface. 
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The  strength  of  a  'wall  may  be  still  farther  increased  by 
lessening  its  thickness,  and  employing  the  difference  of 
the  amount  of  masonry  in  buttresses  or  counter-forts,  at 
tached  to  its  back  at  regular  intervals,  and  firmly  banded 

Fig.  107. 


with  it.  The  trapezoidal  section  for  them  is  preferred,  as 
giving  a  broader  base  of  union.  Fig.  107  is  a  ground  plan 
of  such  an  arrangement. 

To  lessen  the  pressure  of  an  embankment,  that  portion 
of  it  next  the  wall  should  be  formed  in  compact  layers, 
inclining  downward  from  the  wall.  Through  the  wall 
should  be  left  holes  {harhacanes)  six  inches  high  and  three 
wide,  disposed,  in  the  quincunx  form,  at  distances  of  six 
feet  horiz(3ntally,  and  four  feet  vertically,  in  order  to  give 
vent  to  the  water  which  may  filtrate  through  the  bank. 

The  masonry  of  a  wall  which  has  to  sustain  great 
pressures,  requires  much  attention.  The  following  is 
part  of  the  specification  for  such  walls  of  rubble  ma- 
sonry on  the  public  works  of  the  state  of  New  York. 
**  The  stone  shall  be  sound,  well-shaped,  and  durable, 
and  of  not  less  than  6  inches  in  thickness,  and  three  feet 
area  of  bed.  The  smoothest  and  broadest  bed  shall  in 
all  cases  be  laid  down,  and  if  it  be  rough  and  uneven,  all 
projecting  points  shall  be  hammered  off;  and  the  same 
from  the  top  bed,  so  as  to  give  the  succeeding  stone  a 
firm  bearing.  In  all  cases  the  bed  shall  be  properly  pre- 
pared, by  levelling  up,  before  the  next  stone  is  laid,  but 
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HO  levellers  shall  be  placed  under  a  stone  by  raising  it 
from  its  bed.  One-fourth  of  the  wall  shall  be  composed 
of  headersy  which  shall  extend  through  the  wall,  where 
it  is  not  more  than  two  feet  thick,  and  from  2  to  4  feet 
back  for  thicker  walls.  The  whole  shall  be  laid  in  hy- 
draulic mortar,  composed  of  the  best  quality  of  cement* 
and  clean  sharp  sand  ;  and  particular  care  shall  be  taken 
to  have  each  stone  surrounded  with  mortar,  and  tho- 
roughly bedded  in  iu*' 
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CHAPTER  TV 

IMPROVEMENT  OF  THE  SURFACE. 

••  Next  to  the  general  influence  of  the  seasons,  there  Ks  perhajjB  no  cii* 
cnmstance  more  interesting  to  men  in  a  civilized  state,  thcta  che  perfection 
"^i  the  means  of  interior  communication." 

Committee  of  House  of  Commons,  1819. 

The  surface  of  a  newly-made  road  is  generally  very 
deficient  in  the  important  qualities  of  hardness  and  smooth- 
ness, and  to  secure  these  attributes  in  their  highest  at- 
tainable degree,  it  is  necessary  to  co\er  the  earth,  which 
forms  the  natural  surface  of  the  road,  with  some  other 
material,  such  as  stone,  wood,  &c.  The  benefits  of  such 
a  process  are  twofold,  consisting, 

1.  In  substituting  a  hard  and  smooth  surface  for  the 
soft  and  uneven  earth  ; 

2.  In  protecting  the  ground  beneath  it  from  the  action 
of  the  rain-water,  which,  by  penetrating  to  it,  and  remain- 
mg  upon  it,  would  not  only  impede  the  progress  of  vehi- 
cles, but  render  the  road  too  weak  to  bear  their  weight. 

Such  a  covering  should  be  regarded,  not  as  an  arch  to 
bear  the  weight  of  the  vehicles,  but  simply  as  a  roof,  to 
protect  the  earth  beneath  it  from  the  weather  ;  not  as  a 
substitute  for  the  soil  under  it,  but  only  as  a  protection  to 
that  soil  to  enable  it  to  retain  its  natural  strength.  Erro- 
neous views  on  this  point  have  caused  very  prejudicial 
practices,  particularly  in  the  case  of  broken  stone,  or 
McAdam-roads. 
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The  various  surfaces  will  be  considered  in  the  following 
order  ;  beginning  with  the  most  imperfect,  that  of  the 
unimproved  earth,  and  ending  with  the  most  perfect  yet 
attained — that  of  Railroads. 

1.  EARTH  ROADS. 

2.  GRAVEL  ROADS. 

3.  BROKEN  STONE,  OR  McADAM  ROAD& 

4.  PAVED  ROAD& 

5.  ROADS  OP  WOOD. 

6.  ROADS  OP  OTHER  MATERIALS. 

7.  ROADS  WITH  TRACKWAYS. 


1.  EARTH  ROADS. 

Roads  of  earth,  with  the  surfaces  of  the  excavations 
and  embankment  unimproved  by  art,  are  very  deficient  at 
all  times  in  the  important  requisites  of  smoothness  and 
hardness,  and  in  the  spring  are  almost  impassable.  But 
with  all  their  faults,  they  are  almost  the  only  roads  in  this 
country,  (the  scantiness  of  labor  and  capital  as  yet  j)re- 
venting  the  adoption  of  better  ones)  and  therefore  no  pains 
should  be  spared  to  render  them  as  good  as  their  nature 
will  permit. 

The  faults  of  surface  being  so  great,  it  is  especially  ne- 
cessary to  lessen  all  other  defects,  and  to  make  the  road  in 
all  other  respects  as  nearly  as  possible  **  what  it  ought  to 
be."  Its  grades  should  therefore  be  made,  if  possible,  as 
easy  as  1  in  30,*  by  winding  around  the  hills,  or  by  cut- 
ting them  down  and  fiUing  up  the  valleys.  Its  shape 
should  be  properly  formed  with  a  slope  of  1  in  201  each 

•  Sec  pago  41.  +  Page-  51 
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Avay  from  llic  cenlrc.  Its  drainage  should  be  made  »cfy 
lliorougli,  by  deep  and  capacious  dilcJies,  sloping  not  less 
ihan  1  in  125,"  in  accordance  with  the  minimum  road 
«Iope.  Drainage  alone  will  often  change  a  bad  road  to  a 
good  one,  and  without  it  no  permanent  improvement  can 
be  effected.  Trees  should  be  removed  from  the  borders  of 
(he  road,  as  intercepting  the  sun  and  wind  from  its  surface. 

If  ihe  soi!  be  a  loose  sand,  a  coating  of  six  incfies  of 
clay  curled  upon  it,  will  be  the  most  effective  and  the 
theapeal  way  of  improving  it,  if  the  clay  can  be  obtained 
within  a  [noderate  distance.  Only  one-half  (he  width 
need  he  covered  with  the  clay,  thus  forming  a  road  forlhe 
eiimmer  travel,  leaving  the  other  sandy  portion  untouched, 
to  serve  fur  the  travel  in  the  rainy  season. 

If  the  soil  be  an  adhesive  clay,  the  application  of  sand 
in  a  similar  manner  will  produce  equally  beneficial  resulls. 
Ow  a  sleep  JjJlJ  these  impi-ovementa  will  be  partJcuJafl] 
valuable. 

When  the  road  is  worn  down  into  hollows,  and  requires 
a  supply  of  new  material,  its  selection  should  be  made 
with  great  care,  so  that  it  may  be  as  gravelly  as  possible, 
and  eniircly  free  from  vegetable  earth,  muck,  or  mould 
No  sod  or  turf  should  ever  be  allowed  to  come  upon  the 
rond,  to  fill  a  hole  or  rut,  or  in  any  other  way  ;  for,  though 
at  first  deceptively  lough,  they  soon  decay,  and  form  the 
softest  inud.  Nor  should  the  roadmaker  run  into  the  other 
extreme,  and  fill  up  the  ruts  and  holes  with  stones,  which 
will  not  wear  uniformly  with  the  rest  of  the  road,  but  will 
produce  bard  bumps  and  ridges.  The  plough  and  the 
scraper  should  never  be  used  in  repairing  a  road.  Their 
work  is  large  in  quantity,  but  very  bad  in  quality.     The 

*  Soe  pace  54, 
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plough  breaks  up  the  compact  surface,  which  time  and 
travel  had  made  tolerable ;  and  the  scraper  drags  upon 
tiie  road  from  the  side  ditches  the  soft  and  alluvial  mattei 
which  the  rains  had  removed,  but  which  this  implement 
obstinately  returns  to  the  road. 

A  very  good  substitute  for  the  scraper,  in  levelling  the 
surface  of  the  road,  clearing  it  of  stones,  and  filling  up 
the  ruts,  consists  of  a  slick  of  timber,  shod  with  iron,  and 
attached  to  its  tongue  or  neap  obliquely,  so  that  it  is  drawn 
over  the  road  "  quartering,"  and  throws  all  obstructions 
to  one  side.  The  slick  may  be  six  feet  long,  a  fool  wide, 
and  six  inches  thick,  and  have  secured  to  its  front  side  a 
bar  of  iron  descending  half  an  inch  below  the  wood. 

Every  hole  or  rut  in  a  road  should  be  at  once  filled  up 
with  good  materials,  for  the  wheels  fall  into  them  like 
hammers,  deepening  ihem  at  each  stroke,  and  thus  in- 
creasing the  destructive  effect  of  the  next  wheel. 

EFFECT    OF    WHEELS    ON    THE    SURFACE. 

The  effects  of  broad  and  narrow  wheels  upon  roads 
have  been  much  discussed,  and  many  laws  enacted  to 
encourage  the  use  of  the  former.  Upon  a  hard  and  well- 
made  road,  (such  as  one  of  broken  stone)  there  is  little 
difference  between  tiiem,  but  on  a  common  earth  road, 
narrow  wheels,  supporting  heavy  weights,  exercise  a  very 
destructive  cutting  and  ploughing  action.  This  dimin- 
ishes as  the  width  of  the  felloe  increases,  which  it  may 
do  to  such  an  extent,  that  the  wheel  acts  as  a  roller  in  im- 
proving, instead  of  injuring,  the  surface.  For  these  rea 
sons  the  New  York  turnpike  law  enacts  that  carriages, 
having  wheels  of  which  the  lire  or  track  is  six  inches 
wide,  shall  pay  only   half  the  usual  tolls ;    those   with 

wheels  nine  inches  wide,  only  one-fourth  ;  and  that  tliose 

13 
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with  twelve  inches  shall  pay  none  at  all.  The  proportions 
a^ree  precisely  with  those  deduced  fronn  observation  by 
an  experienced  English  roadmaker.*  The  felloe  should 
have  a  flat  bearing  surface  and  not  a  rounded  one.  The 
benefits  of  broad  wheels  are  sometimes  destroyed  by  over- 
leading  them.  To  prevent  this,  when  tolls  are  collected, 
ijic)  should  be  increased,  for  each  additional  horse,  more 
rapidly  than  the  direct  proportion  ;  thus,  if  one  horse  paid 
3  cents,  two  should  pay  1 1,  three  17,  &c.  Narrow  wheels 
are  particularly  injurious  when  in  rapid  motion,  for  having 
less  resistance  and  greater  velocity  than  others,  they  re- 
volve less  perfectly,  and  drag  more,  thus  producing  the 
worst  sort  of  effect.  Conical  wheels,  of  which  the  innei 
is  greater  than  the  outer  circumference,  tend  to  move  in 
a  curve,  and  being  forced  to  proceed  in  a  right  line,  exert 
a  peculiarly  destructive  grinding  action  on  the  road.  On 
McAdam  roads,  horses'  feet  exercise  a  more  destructive 
effect  than  the  wheels  of  vehicles.  It  has  been  calcula- 
lecit  that  a  set  of  tires  would  run  2700  miles  in  average 
weather,  but  that  a  set  of  horses'  shoes  would  bear  only 
200  miicb  of  travel 4 


*  Penfolfl,  p.  22.  t  Gordon  on  Locomotion.      ' 

+  The  impel  lect  surface  of  an  earth  road  makes  it  doubly  important 
to  take  every  precaution  to  lessen  the  friction  of  vehicles  upon  It.  The 
resistance  decreases  as  the  breadth  of  the  tire  increases,  on  compressible 
roads,  as  earth,  sand,  gravel,  &c. ;  while  on  paved  and  brtiken-stoue  roads, 
the  resistance  is  nearly  independent  of  the  breadth  of  the  tire.*  CyliU' 
driral  wheels  also  cause  less  friction  than  conical  ones.  The  larger  the 
vvhcelp  the  less  friction  have  they,  and  the  greater  power  of  leverage  iu 
ov»'rcoming  obstacles.  The  fore-wheels  should  be  as  large  as  the  hind  ones, 
were  it  not  for  convenience  of  turning.  The  axles  should  he  straighU 
and  not  be  nt  downward  at  the  end,  which  increases  the  friction,  though 
it  Iiak  the  advantage  of  throwing  the  mud  away  from  the  carriage.  The 
Uad  slioiild  be  placed  on  the  hind  wheels  rather  than  on  the  forp  oif» 

*  Morin   p.  3.1?» 
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2.  GRAVEL  ROADS.* 

The  roundness  of  the  pebbles,  which  form  the  chief 
part  of  gravel,  whether  from  rivers  or  pits,  prevents  them 
from  perfectly  consolidating,  except  under  much  travel ; 
but  still  a  gravel  road,  properly  made,  is  far  superior  to 
one  of  common  earth.  Gravel  from  the  shores  of  rivers 
is  too  clean  for  this  object,  and  does  not  contain  enough 
earthy  matter  to  unite  and  bind  together  its  pebbles,  which 
are  too  perfectly  water-worn,  and  freed  from  asperities: 
On  the  other  hand,  gravel  dug  from  the  earth  contains  too 
much  earth,  which  must  be  sifted  from  it  before  use.  Two 
sieves  should  be  provided,  through  which  the  gravel  is  to 
be  thrown.  One  should  have  wires,  an  inch  and  a  half 
or  two  inches  apart,  so  that  all  pebbles  above  that  size 
may  be  rejected.  The  other  should  have  spaces  of  three 
quarters  of  an  inch,  and  the  material  which  passes  through 
it  should  be  thrown  away,  or  employed  for  foot-paths. 
The  expense  of  sifting  will  be  more  than  repaid  by  the 
superior  condition  of  the  road  formed  by  the  purified  ma- 
terial, and  the  diminution  of  labor  in  keeping  it  in  order. 

The  road-bed  should  be  well  shaped  and  drained.  If 
it  is  rock,  all  projecting  points  should  be  broken  off,  and 
a  layer  of  earth,  a  foot  thick,  should  be  interposed,  or  the 
gravel  will  wear  away  much  more  rapidly,  and  consoli- 
date much  more  slowly. 


hong  and  pliant  springs  greatly  lessen  the  shock  of  passing  over  obsta- 
cles, and  their  advantage  has  been  stated  to  be  equal  lo  one  horse  in  fou' 
The  line  of  draught  should  ascend  at  an  angle  of  15  degrees,  eo  timt 
wlipu  the  horse  leans  forward  in  pulling,  his  force  will  be  exerted  nearlv 
norizontaily 
*  Paniell,  p.  170.   Pcnfold  p.  13.     A.iner.  Railroad  Journal,  vol.  il  p.  4 
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The  extreme  limits  in  any  case  are  from  tWitt  ^^  o^®* 
fifth  of  the  height,  with  compact  earth  and  heavy  mason- 
ry, to  tWo  J  or  not  quite  lialf  the  height,  with  loose  earth 
and  light  masonry.*  The  precise  thickness  can  be  cal 
ciliated  by  the  preceding  formula ;  after  noting  the  slope 
at  which  the  earth  naturally  stands,  and  weighing  a  cer- 
la  Ml  portion  of  the  masonry,  and  of  the  earth  previously 
thoroughly  moistened. 

When  there  is  an  embankment  rising  above  the  top  oi 
the  wall,  the  proper  thickness  (in  cases  in  which  the  height 
of  the  superincumbent  load  does  not  much  exceed  the 
height  of  the  wall)  may  be  approximately  obtained  by 
substituting  in  the  same  formula,  instead  of  the  height 
of  the  wall,  the  sum  of  the  heights  of  the  wall  and  of  the 
earth  above  it.t 

Thus  far  both  faces  of  the  retaining  wall  have  been 
supposed  to   be  verlical.     But  the  same   strength  with   a 


Fig.  104. 


less  amount  of  material  may  be  ob- 
tained by  various  modifications  of  its 
section. 

The  face  of  the  wall  may  be  advan- 
tageously made  to  slope  with  a  *'Z>a/ir," 
varying  from  2'^,  or  {  inch  horizontal 
to  1  foot  vertical,  to  ^,  or  2  inches  to  1 
foot. 


To  find  the  mean  thickness  of  such  a 
wall,  which  shall  have  the  sanne  stahilitv 
as  another  wall  with  vertical  faces,  and 
of  the  thickness  obtained  by  the  preceding  rules,  subtract  fronn 
this  given  thickness  four-tenths  of  the  entire  projection  of  the 
bdtir.X  Thus,  if  the  given  thickness  be  4  feet,  and  the  height 
24  feet,  and  the  corresponding  mean  thickness  of  a  wall  with 


Poncelet,  §  34. 


t  Ibid.  §  22 


X  Ibid.  $  7& 
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a  bdlirot  J^  be  desired,  it  will  be  4  .  — y^o  Xf  |=4  .  —  .8=:3.2. 
I'hc  bdtir  is  supposed  not  to  exceed  one-fifth  of  the  height 
From  the  mean  thickness,  those  of  the  top  and  bottom  are 
readily  deduced,  knowing  the  height  and  bdtir. 

Fig.  105 


The  desired  increase  of  thick- 
ness towards  the  bottom  of  a  wall 
IS  often  given  by  offsets  at*  its 
back.  Considerable  resistance  to 
the  overturning  of  the  wall  is  of- 
fered by  the  weight  of  the  earth 
which  rests  upon  these  offsets. 


Fig.  lOG 


Still  more  economical  of 
masonry  is  a  leaning  retain- 
ing wall,  in  which  the  back 
has  a  batiTy  which  may  ad- 
vantageously be  1  in  6.  In 
this  case  strength  requires 
that  the  perpendicular  let  fall 
from  the  centre  of  gravity 
of  the  section  upon  the  base, 
should  fall  so  far  within  the 
inner  edge  of  the  base,  tliat 
the  stone  of  the  bottom  course  of  the  foundation  may 
present  sufEcient  surface  to  bear  the  pressure  upon  it. 


*  Mahaa,  p.  142. 
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The  strength  of  a  i^all  may  be  still  farther  increased  by 
lessening  its  thickness,  and  employing  the  difference  of 
the  amount  of  masonry  in  buttresses  or  counter-forts,  at 
tached  to  its  back  at  regular  intervals,  and  firmly  banded 

Fig.  107. 


with  it.  The  trapezoidal  section  for  them  is  preferred,  as 
giving  a  broader  base  of  union.  Fig.  107  is  a  ground  plan 
of  such  an  arrangement. 

To  lessen  the  pressure  of  an  embankment,  that  portion 
of  it  next  the  wall  should  be  formed  in  compact  layers, 
inclining  downward  from  the  wall.  Through  Jie  wall 
should  be  left  holes  (barbacanes)  six  inches  high  and  three 
wide,  disposed,  in  the  quincunx  form,  at  distances  of  six 
feet  horiz(3ntally,  and  four  feet  vertically,  in  order  to  give 
vent  to  the  Wdler  which  may  filtrate  through  the  bank. 

The  masonry  of  a  wall  which  has  to  sustain  great 
pressures,  requires  much  attention.  The  following  is 
part  of  the  specification  for  such  walls  of  rubble  ma- 
sonry on  the  public  works  of  the  state  of  New  York. 
**  The  stone  shall  be  sound,  well-shaped,  and  durable, 
and  of  not  less  than  6  inches  in  thickness,  and  three  feet 
area  of  bed.  The  smoothest  and  broadest  bed  shall  in 
all  cases  be  laid  down,  and  if  it  be  rough  and  uneven,  all 
projecting  points  shall  be  hammered  off;  and  the  same 
from  the  top  bed,  so  as  to  give  the  succeeding  stone  a 
firm  bearing.  In  all  cases  the  bed  shall  be  properly  pre- 
pared, by  levelling  up,  before  the  next  stone  is  laid,  but 
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HO  levellers  shall  be  placed  under  a  stone  by  raising  it 
from  its  bed.  One-fourth  of  the  wall  shall  be  composed 
of  headers^  which  shall  extend  through  the  wall,  where 
it  is  not  more  than  two  feet  thick,  and  from  2  to  4  feet 
back  for  thicker  walls.  The  whole  shall  be  laid  in  hy- 
draulic mortar,  composed  of  the  best  quality  of  cement* 
and  clean  sharp  sand ;  and  particular  care  shall  be  taken 
to  have  each  stone  surrounded  with  mortar,  and  tho- 
roughly bedded  in  iu" 


.T'  ''r  T  ^  '"^v*? 
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CHAPTER  TV 

IMPROVEMENT  OF  THE  SURFACE. 

••  Next  to  the  general  influence  of  the  seasons,  there  its  perhaps  no  cii* 
cnmstance  more  interesting  to  men  in  a  civilized  state,  th«ia  che  perfection 
"^i  the  means  of  interior  communication." 

Committee  of  House  of  Commons,  1819. 

The  surface  of  a  newly-made  road  is  generally  very 
deficient  in  the  important  qualities  of  hardness  and  smooth- 
ness, and  to  secure  these  attributes  in  their  highest  at- 
tainable degree,  it  is  necessary  to  co\er  the  earth,  which 
forms  the  natural  surface  of  the  road,  with  some  other 
material,  such  as  stone,  wood,  &c.  The  benefits  of  such 
a  process  are  twofold,  consisting, 

1.  In  substituting  a  hard  and  smooth  surface  for  the 
soft  and  uneven  earth  ; 

2.  In  protecting  the  ground  beneath  it  from  the  action 
of  the  rain-water,  which,  by  penetrating  to  it,  and  remain- 
ing upon  it,  would  not  only  impede  the  progress  of  vehi- 
cles, but  render  the  road  too  weak  to  bear  their  weight. 

Such  a  covering  should  be  regarded,  not  as  an  arch  to 
bear  the  weight  of  the  vehicles,  but  simply  as  a  roof,  to 
protect  the  earth  beneath  it  from  the  weather ;  not  as  a 
substitute  for  the  soil  under  it,  but  only  as  a  protection  to 
tliat  soil  to  enable  it  to  retain  its  natural  strength.  Erro- 
neous views  on  this  point  have  caused  very  prejudicial 
practices,  particularly  in  the  case  of  broken  stone,  or 
McAdam-roads. 
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The  various  surfaces  will  be  considered  in  the  following 
order  ;  beginning  with  the  most  imperfect,  that  of  the 
unimproved  earth,  and  ending  with  the  most  perfect  yot 
attained — that  of  Railroads. 

1.  EARTH  ROADS. 

2.  GRAVEL  ROADS. 

3.  BROKEN  STONE,  OR  McADAM  R0AD& 

4.  PAVED  R0AD& 

5.  ROADS  OF  WOOD. 

6.  ROADS  OF  OTHER  MATERIALS. 

7.  ROADS  WITH  TRACKWAYS. 


1.  EARTH  ROADS. 

Roads  of  earth,  with  the  surfaces  of  the  excavaiiorih 
and  embankment  unimproved  by  art,  are  very  deficient  at 
all  times  in  the  important  requisites  of  smoothness  and 
hardness,  and  in  the  spring  are  almost  impassable.  But 
with  all  their  faults,  they  are  almost  the  only  roads  in  iMs 
country,  (the  scantiness  of  labor  and  capital  as  yet  })re- 
venting  the  adoption  of  better  ones)  and  therefore  no  pains 
should  be  spared  to  render  them  as  good  as  their  nature 
will  permit. 

The  faults  of  surface  being  so  great,  it  is  especially  ne- 
cessary to  lessen  all  other  defects,  and  to  make  the  rocul  in 
all  other  respects  as  nearly  as  possible  **  what  it  ought  to 
be."  Its  grades  should  therefore  be  made,  if  possible,  as 
easy  as  1  in  30,*  by  winding  around  the  hills,  or  by  cut- 
ting them  down  and  filling  up  the  valleys.  Its  shape 
should  be  properly  formed  with  a  slope  of  1  in  20|  each 

•  See  pago  41.  +  Pagt-  51 
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way  from  tlie  centre.  lis  drainage  should  be  made  vm 
ihorough,  by  deep  and  capacious  ditches,  sloping  nolle 
ihan  1  in  125,"  in  accordance  with  the  i 
elope.  Drainage  alone  will  often  change  a  bad  road  to  a 
good  one,  and  without  it  no  permanent  improveraent  can 
be  effected.  Trees  should  be  removed  from  the  bonleraof 
llie  road,  as  intercepting  the  sun  and  wind  from  its  surface. 

If  ihe  soil  be  a  loose  sand,  a  coaling  of  six  inches  of  ' 
clay  carted  upon  it,  will  be  the  most  effective  and  the 
cheapest  way  of  improving  it,  if  the  c!ay  can  be  obtained 
within  a  moderate  disiance.  Only  one-half  the  width 
need  be  covered  with  the  clay,  tiiua  forming  a  road  for  the 
surmner  travel,  leaving  the  other  sandy  portion  untouched, 
to  serve  for  the  Ij-avel  ji  iLe  rainy  season. 

If  ti  e  soil  be  an  adhesive  clay,  the  application  of  saad 
J  a  sin  lar  nr  anner  wdl  produce  equally  beneficial  results. 
Oi  a  t(,ep  h  11  these  improvements  will  be  particularlj 
V  .1  -il  le 

\\  i  en  tl  e  r  a  i  is  worn  down  into  hollows,  and  requires 
a  supply  of  new  material,  its  selection  should  be  made 
with  great  care,  so  thai  it  may  be  as  gravelly  as  possible, 
and  eniirely  free  from  vegetable  earth,  muck,  or  mould 
Ko  sod  or  mrf  should  ever  be  allowed  to  come  upon  the 
road,  to  fill  a  hole  or  rut,  or  in  any  other  way  ;  for,  though 
■at  first  deceptively  tough,  they  soon  decay,  and  form  the 
softest  mud.  Nor  should  the  roadmakerrun  into  the  other 
extreme,  and  fill  up  the  ruts  and  holes  with  stones,  which 
will  not  wear  uniformly  with  the  rest  of  the  road,  but  will 
produce  hard  bumps  and  ridges.  The  plough  and  the 
scraper  should  never  be  used  in  repairing  a  road.  Theii 
work  is  ]arge  in  quantity,  but  very  bad  in  quality.     The 

*  See  pwte  54, 
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plough  breaks  up  the  compact  surface,  which  time  and 
travel  had  made  tolerable ;  and  the  scraper  drags  upon 
tlie  road  from  the  side  ditches  the  soft  and  alluvial  nialtei 
which  the  rains  had  removed,  but  which  this  implement 
obstinately  returns  to  the  road. 

A  very  good  substitute  for  the  scraper,  in  levelling  the 
surface  of  the  road,  clearing  it  of  stones,  and  filling  up 
the  ruts,  consists  of  a  stick  of  timber,  shod  with  iron,  and 
attached  to  its  tongue  or  neap  obliquely,  so  that  it  is  drawn 
over  the  road  "  quartering,"  and  throws  all  obstructions 
to  one  side.  The  stick  may  be  six  feet  long,  a  foot  wide, 
and  six  inches  thick,  and  have  secured  to  its  front  side  a 
bar  of  iron  descending  half  an  inch  below  the  wood. 

Every  hole  or  rut  in  a  road  should  be  at  once  filled  up 
with  good  materials,  for  the  wheels  fall  into  them  like 
hammers,  deepening  them  at  each  stroke,  and  thus  in- 
creasing the  destructive  effect  of  the  next  wheel. 

EFFECT   OF    WHEELS    ON    THE    SURFACE. 

The  effects  of  broad  and  narrow  wheels  upon  roads 
have  been  much  discussed,  and  many  laws  enacted  to 
encourage  the  use  of  the  former.  Upon  a  hard  and  well- 
made  road,  (such  as  one  of  broken  stone)  there  is  little 
difference  between  them,  but  on  a  common  earth  road, 
narrow  wheels,  supporting  heavy  weights,  exercise  a  very 
destructive  cutting  and  ploughing  action.  This  dimin- 
ishes as  the  width  of  the  felloe  increases,  which  it  may 
do  to  such  an  extent,  that  the  wheel  acts  as  a  roller  in  im- 
proving, instead  of  injuring,  the  surface.  For  these  rea 
sons  the  New  York  turnpike  law  enacts  that  carriages, 
having  wheels  of  which  the  lire  or  track  is  six  inches 
wide,  shall  pay  only   half  the  usual  tolls ;    those  with 

wheels  nhie  inches  wide,  only  one-fourth  ;  and  that  tliose 

13 
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wiih  twelve  inches  sliall  pay  none  at  all.    The  proportio&B 
afrree  precisely  with  those  deduced  from  observation  bj 
an  experienced  English  roadmaker.*     The  felloe  shouH 
have  a  fl;«t  bearing  surface  and  not  a  rounded  one.    The 
benefits  of  broad  wheels  are  sometimes  destroyed  by  over- 
leading  them.     To  prevent  this,  when  tolls  are  collected, 
liie)  should  be  increased,  for  each  additional  horse,  more 
rapidly  than  the  direct  proportion  ;  thus,  if  one  horse  paid 
3  cents,  two  should  pay  1 1,  three  17,  &c.    Narrow  wheels 
are  particularly  injurious  when  in  rapid  motion,  for  having 
h^ss  resistance  and  greater  velocity  than  others,  they  re- 
volve less  perfectly,  and  drag  more,  thus  producing  the 
worst  sort  of  effect.     Conical  wheels,  of  which  the  iimei 
is  greater  than  the  outer  circumference,  tend  to  move  in 
a  curve,  and  being  forced  to  proceed  in  a  right  line,  exert 
a  peculiarly  destructive  grinding  action  on  the  road.    On 
McAdam  roads,  horses'  feet  exercise  a  more  destructive 
effect  than  the  wheels  of  vehicles.     It  has  been  calcula- 
\vx\]  that  a  set  of  tires  would  run  2700  miles  in  average 
vveaiher,  but  that  a  set  of  horses'  shoes  would  bear  only 
200  miles  of  travel4 


*  Peiifolfl,  p.  22.  t  Gordon  on  Locomotion.      ' 

+  The  impel  I'ect  surface  of  an  earth  road  makes  it  doubly  importanl 
to  take  every  precaution  to  lessen  the  friction  of  vehicles  upon  it.  The 
resistance  decreases  as  the  breadth  of  the  tire  increases,  on  compressible 
roads,  as  earth,  sand,  gravel,  ^c. ;  while  on  paved  and  brbken-stoue  roads, 
the  resistance  is  nearly  independent  of  the  breadth  of  the  tire.*  Cylin- 
driral  wheels  also  cause  less  friction  than  conical  ones.  The  larger  the 
vvheelp  the  less  friction  have  they,  and  the  greater  power  of  leverage  ui 
ovrcoming  obstacles.  The  fore-wheels  should  be  as  large  as  the  hind  ones, 
were  it  not  for  convenience  of  turning.  The  axles  should  be  straightt 
and  not  bent  downward  at  the  end,  which  increases  the  frictiou,  though 
it  hoK  the  advantage  of  throwing  the  mud  away  from  the  carriage.  Th€ 
^£ad  slioiild  be  placed  on  the  hind  wheels  rather  than  on  the  forp  oif« 

*  Morin   p.  Xi^* 
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2.  aEAVEL  ROADS.* 

Tlie  roundness  of  the  pebbles,  which  form  the  chief 
part  of  gravel,  whether  from  rivers  or  pits,  prevents  them 
from  perfectly  consolidating,  except  under  much  travel ; 
but  still  a  gravel  road,  properly  inade,  is  far  superior  to 
one  of  common  earth.  Gravel  from  the  shores  of  rivers 
is  too  clean  for  this  object,  and  does  not  contain  enough 
earthy  matter  to  unite  and  bind  together  its  pebbles,  which 
are  too  perfectly  water-worn,  and  freed  from  asperities; 
On  the  other  hand,  gravel  dug  from  the  earth  contains  too 
much  earth,  which  must  be  sifted  from  it  before  use.  Two 
sieves  should  be  provided,  through  which  the  gravel  is  to 
be  thrown.  One  should  have  wires,  an  inch  and  a  half 
or  two  inches  apart,  so  that  all  pebbles  above  that  size 
may  be  rejected.  The  other  should  have  spaces  of  three 
quarters  of  an  inch,  and  the  material  which  passes  through 
it  should  be  thrown  away,  or  employed  for  foot-palhs. 
The  expense  of  sifting  will  be  more  tiian  repaid  by  the 
superior  condition  of  the  road  formed  by  the  purified  ma- 
terial, and  the  diminution  of  labor  in  keeping  it  in  order. 

The  road-bed  should  be  well  shaped  and  drained.  If 
it  is  rock,  all  projecting  points  should  be  broken  off,  and 
a  layer  of  earth,  a  foot  thick,  should  be  interposed,  or  the 
gravel  will  wear. away  much  more  rapidly,  and  consoh- 
date  much  more  slowly. 


Long  and  pliant  aprtnga  greaUy  lessen  the  shock  of  passing  over  obsta- 
cles, and  their  advantage  has  been  stated  to  be  equal  to  one  horse  in  fou' 
The  line  of  draught  should  ascend  at  an  angle  of  15  degrees,  so  that 
whrsu  the  horse  leans  forward  in  pulling,  his  force  will  be  exerted  nearly 
norizoiitaily 
*  Fanioll,  p.  170.    Ponfold  p.  13.     A.mer.  Railroad  Journal,  vol.  il  p.  4 
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It  coq»  of  laborers.  Supposing  the  komI  to  be 
already  in  good  condilioa ;  tfaat  is,  ia  proper  shape,  snd 
ftee  from  holea,  ruts,  mud,  and  dost ;  to  keep  it  so,  re- 
quires two  fundaxaental  operations ; 

1 .  The  conliauai  remoral  of  the  daily  wear  of  the  niB| 
leriaU,  whether  in  the  shape  of  mud  or  of  dnst ; 

2.  The  employment  of  malefiais  to  replace  thow 
removed. 

Tlie  first  operation  requires  hoes  and  brooms.  TiM. 
hoes  should  be  three  feet  long,  and  of  wood,  as  iron  one* 
would  be  more  likely  to  loosen  the  stones.  The  lig)lle^ 
du»l  and  mure  liquid  mud  must  be  swept  off  by  birrli 
brooms-  The  detritus  between  the  bttle  projections  ot 
the  stones  should  not  be  removed  by  too  tliorough  sweep- 
mg,  as  it  protects  ihem  from  immediate  crushing,  a 
preserves  their  stability.  The  broom  is  also  necessary  la 
remove  every  trace  of  wheels,  the  mometil  they  hare 
passed,  so  as  to  oppose  that  habit  or  instinct  of  horses 
which  leads  them  to  follow  in  the  track  of  the  preceding 
vehicle,  and  which  would  soon  convert  unremoved  tracks 
into  ruts.  The  broom  and  hoe  have  then  a  double  end 
to  be  accomplished  by  the  same  operation,  viz.,  effacing 
tracks  and  removingdelritus.  Very  effective  machines  han 
also  been  constructed  for  accomplishing  these  purposes.* 

The  second  operation  of  applying  new  materials  d» 
mands  several  precautions.  To  prevent  a  weak  pine 
from  being  neglected  because  the  materials  are  not  a 
hand,  they  should  be  kept  in  depots,  never  more  than  a 
quarter  of  a  mile  apart,  and  carried  thejice  in  barrows 
Tliey  should  be  applied  after  a  rain,  as  then  they  wUi 
more  easily  unite,  and  no  coal,  thicker  than  one  i 
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leading  pnnciples  of  Lis  improved  system  trom  his  obser- 
vation of  the  passage  of  a  heavy  vehicle,  such  as  a  loaded 
stage-coach,  over  a  newiy-formed  gravel  road.  The  wheels 
sink  in  to  a  considerable  depth,  and  plough  up  the  road, 
in  consequence  of  the  roundness  of  the  pebbles,  which 
renders  them  easily  displaced.  Hence  ensues  great  fric- 
tion against  the  wheels  ;  which,  moreover,  are  always  in 
hollows  with  little  hills  of  pebbles  in  front  of  them,  which 
they  must  roll  over  or  push  aside.  The  evil  continues, 
until  at  last,  after  long-repealed  passages  of  heavy  vehi- 
cles, the  pebbles  have  become  broken  into  angular  frag- 
ments, which  finally  form  a  compact  mass. 

But  since  this  is  so  desirable  a  consummation,  the  task 
of  breaking  the  stones  ought  not  to  be  imposed  on  the 
carriages,  but  should  be  performed  in  advance  by  manual 
labor,  by  which  it  will  be  executed  far  more  speedily, 
effectually,  and  completely. 

Hence  is  deduced  the  leading  principle  of  the  system, 
viz. :  that  the  stones  should  be  all  broken  by  hand  into 
angular  fragments  before  being  placed  on  the  road,  and 
that  no  rounded  stones  should  ever  be  introduced. 

In  the  next  place,  whenever  a  carriage-wheel,  or  horse's 
hoof,  falls  eccentrically  on  a  large  stone,  it  is  loosened 
from  its  place,  and  disturbs  the  smaller  ones  for  a  consid- 
erable distance  around  it,  thus  preventing  their  consol- 
idation. Therefore  no  large  stones  should  be  ever  em- 
ployed. 

Small  angular  stones  are  the  cardinal  requisites.  When 
of  suitable  materials  of  proper  size,  and  applied  in  ac- 
cordance with  the  directions  which  will  be  presently  given, 
they  will  unite  and  consolidate  into  one  mass,  almost  as 
solid  as  the  original  stone,  with  a  smooth,  hard,  and  un- 
elastic  surface. 


^ 
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The  strength  of  a  wall  may  be  still  farther  increased  by 
lessening  its  thickness,  and  employing  the  difference  of 
the  amount  of  masonry  in  buttresses  or  counter-forts,  at 
tached  to  its  back  at  regular  intervals,  and  firmly  banded 

Fig.  107. 


with  it.  The  trapezoidal  section  for  them  is  preferred,  as 
giving  a  broader  base  of  union.  Fig.  107  is  a  ground  plan 
of  such  an  arrangement. 

To  lessen  the  pressure  of  an  embankment,  that  portion 
of  it  next  the  wall  should  be  formed  in  compact  layers, 
inclining  downward  from  the  wall.  Through  the  wall 
should  be  left  holes  (barbacanes)  six  inches  high  and  three 
wide,  disposed,  in  the  quincunx  form,  at  distances  of  six 
feet  horizontally,  and  four  feet  vertically,  in  order  to  give 
vent  to  tiie  Wdter  which  may  filtrate  through  the  bank. 

The  masonry  of  a  wall  which  has  to  sustain  great 
pressures,  requires  much  attention.  The  following  is 
part  of  the  specification  for  such  walls  of  rubble  ma- 
sonry on  the  public  works  of  the  state  of  New  York. 
"  The  stone  shall  be  sound,  well-shaped,  and  durable, 
and  of  not  less  than  6  inches  in  thickness,  and  three  feet 
area  of  bed.  The  smoothest  and  broadest  bed  shall  in 
all  cases  be  laid  down,  and  if  it  be  rough  and  uneven,  all 
projecting  points  shall  be  hammered  off;  and  the  same 
from  the  top  bed,  so  as  to  give  the  succeeding  stone  a 
firm  bearing.  In  all  cases  the  bed  shall  be  properly  pre- 
pared, by  levelling  up,  before  the  next  stone  is  laid,  but 
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uo  levellers  shall  be  placed  under  a  stone  by  raising  it 
from  its  bed.  One-fourth  of  the  wall  shall  be  composed 
of  header Sy  which  shall  extend  through  the  wall,  where 
it  is  not  more  than  two  feet  thick,  and  from  2  to  4  feet 
back  for  thicker  walls.  The  whole  shall  be  laid  in  hy- 
draulic mortar,  composed  of  the  best  quality  of  cement^ 
and  clean  sharp  sand ;  and  particular  care  shall  be  taken 
to  have  each  stone  surrounded  with  mortar,  and  tho* 
roughly  bedded  in  it" 
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CHAPTER  TV 

IMPROVEMENT  OF  THE  SURFACE. 

**  Next  to  the  general  influence  of  the  seasons,  there  ib  perhaps  nu  cii< 
cnmstance  more  interesting  to  men  in  a  civilized  state,  th<ta  che  jper/ifdtcra 
'^f  the  means  of  interior  communication." 

Committee  of  House  of  CommonSt  1819. 

The  surface  of  a  newly-made  road  is  generally  very 
deficient  in  the  important  qualities  of  hardness  and  smooth- 
ness, and  to  secure  these  attributes  in  their  highest  at- 
tainable degree,  it  is  necessary  to  co\er  the  earth,  which 
forms  the  natural  surface  of  the  road,  with  some  other 
material,  such  as  stone,  wood,  &c.  The  benefits  of  such 
a  process  are  twofold,  consisting, 

1.  In  substituting  a  hard  and  smooth  surface  for  the 
soft  and  uneven  earth  ; 

2.  In  protecting  the  ground  beneath  it  from  the  action 
of  the  rain-water,  which,  by  penetrating  to  it,  and  remain- 
jng  upon  it,  would  not  only  impede  the  progress  of  vehi- 
cles, but  render  the  road  too  weak  to  bear  their  weight. 

Such  a  covering  should  be  regarded,  not  as  an  arch  to 
bear  the  weight  of  the  vehicles,  but  simply  as  a  roof,  to 
protect  the  earth  beneath  it  from  the  weather  ;  not  as  a 
substitute  for  the  soil  under  it,  but  only  as  a  protection  to 
that  soil  to  enable  it  to  retain  its  natural  strength.  Erro- 
neous views  on  this  point  have  caused  very  prejudicial 
practices,  particularly  in  the  case  of  broken  stone,  or 
McAdam-roads. 
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Tlie  various  surfaces  will  be  considered  in  the  following 
order  ;  beginning  with  the  most  imperfect,  that  of  the 
unimproved  earth,  and  ending  with  the  most  perfect  yet 
attained — that  of  Railroads. 

1.  EARTH  ROADS. 

2.  GRAVEL  ROADS. 

3.  BROKEN  STONE,  OR  McADAM  ROADS. 

4.  PAVED  ROAD& 

6.  ROADS  OF  WOOD. 

5.  ROADS  OF  OTHER  MATERIALS. 

7.  ROADS  WITH  TRACKWAYS. 


1.  EARTH  ROADS. 

Roads  of  earth,  with  the  surfaces  of  the  excavations 
and  embankment  unimproved  by  art,  are  very  deficient  at 
all  times  in  the  important  requisites  of  smoothness  and 
hardness,  and  in  the  spring  are  almost  impassable.  But 
with  all  their  faults,  they  are  almost  the  only  roads  in  iMs 
country,  (the  scantiness  of  labor  and  capital  as  yet  pre- 
venting the  adoption  of  better  ones)  and  therefore  no  pains 
should  be  spared  to  render  them  as  good  as  their  nature 
will  permit. 

The  faults  of  surface  being  so  great,  it  is  especially  ne- 
cessary to  lessen  all  other  defects,  and  to  make  the  road  in 
all  other  respects  as  nearly  as  possible  "  what  it  ought  to 
be."  Its  grades  should  therefore  be  made,  if  possible,  as 
easy  as  1  in  30,*  by  winding  around  the  hills,  or  by  cut- 
ting them  down  and  filling  up  tlie  valleys.  Its  shape 
should  be  properly  formed  with  a  slope  of  1  in  201  each 

•  See  p«i^  41.  +  Papt-  51 
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way  from  the  cenlrc.  Its  drainage  should  be  madevcT; 
ihorough,  by  deep  and  capacious  ditches,  sloping  not  less 
than  1  in  125,*  in  accordance  with  the  minimum  ruad 
slope.  Draijiage  alone  will  often  change  a  bad  road  lo  a 
good  one,  and  without  it  no  pennaneni  improvement  an 
be  effected.  Trees  should  be  removed  from  the  bordersof 
the  road,  as  intercepting  the  sun  and  wind  from  its  aurface. 

If  the  soil  be  a  loose  sand,  a  coating  of  siiincheis  of 
clay  carted  upon  it,  will  be  the  most  effective  and  ihe 
chcapeist  way  of  improving  it,  if  the  clay  can  be  olilained 
within  a  moderate  distance.  Only  one-half  the  widih 
need  be  covered  with  the  clay,  thus  forming  a  road  for  the 
summer  travel,  leaving  the  other  sandy  portion  untouched, 
lo  serve  for  the  travel  in  the  rainy  season. 

If  the  soil  he  an  adhesive  clay,  the  apphcation  of  sand 
in  a  similar  rvianner  will  produce  equally  beneficial  resulls. 
On  a  steep  hill  these  improvements  will  be  particularlj 
valuable. 

When  the  road  is  worn  down  into  hollows,  and  requires 
a  supply  of  new  material,  its  selection  should  be  made 
with  great  care,  so  that  it  may  be  as  gravelly  as  possible, 
and  enlirely  free  from  vegetable  earth,  muck,  or  mould 
Ko  sod  or  turf  should  ever  be  allowed  to  come  upon  the 
road,  to  fill  a  hole  or  rut,  or  in  any  other  way ;  for,  though 
at  first  deceptively  tough,  they  soon  decay,  and  form  the 
softest  mud.  Nor  should  the  roadmaker  run  into  the  other 
extreme,  and  fill  up  the  ruts  and  holes  with  stones,  which 
will  not  wear  uniformly  with  the  rest  of  the  road,  but  will 
produce  hard  bumps  and  ridges.  The  plough  and  the 
Mcraper  should  never  be  used  in  repainng  a  road.  Their 
work  U  large  in  quantity,  but  very  bad  in  quality.     The 

*  See  page  54. 
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plough  breaks  up  the  compact  surface,  which  time  and 
travel  had  made  tolerable ;  and  the  scraper  drags  upon 
the  road  from  the  side  ditches  the  soft  and  alluvial  maltei 
which  the  rains  had  removed,  but  which  this  implement 
obstinately  returns  to  the  road. 

A  very  good  substitute  for  the  scraper,  in  levelling  the 
surface  of  the  road,  clearing  it  of  stones,  and  filling  up 
the  ruts,  consists  of  a  stick  of  timber,  shod  with  iron,  and 
attached  to  its  tongue  or  neap  obliquely,  so  that  it  is  drawn 
over  the  road  "  quartering,"  and  throws  all  obstructions 
to  one  side.  The  stick  may  be  six  feet  long,  a  foot  wide, 
and  six  inches  thick,  and  have  secured  to  its  front  side  a 
bar  of  iron  descending  half  an  inch  below  the  wood. 

Every  hole  or  rut  in  a  road  should  be  at  once  filled  up 
with  good  materials,  for  the  wheels  fall  into  them  like 
hammers,  deepening  them  at  each  stroke,  and  thus  in- 
creasing the  destructive  effect  of  the  next  wheel. 

EFFECT   OF    WHEELS    ON    THE    SURFACE. 

The  effects  of  broad  and  narrow  wheels  upon  roads 

w 

have  been  much  discussed,  and  many  laws  enacted  to 
encourage  the  use  of  the  former.  Upon  a  hard  and  well- 
made  road,  (such  as  one  of  broken  stone)  there  is  little 
difference  between  them,  but  on  a  common  earth  road, 
narrow  wheels,  supporting  heavy  weights,  exercise  a  very 
destructive  cutting  and  ploughing  action.  This  dimin- 
ishes as  the  width  of  the  felloe  increases,  which  it  may 
do  to  such  an  extent,  that  the  wheel  acts  as  a  roller  in  im- 
proving, instead  of  injuring,  the  surface.  For  these  rea 
sons  the  New  York  turnpike  law  enacts  that  carriages, 
having  wheels  of  which  the  tire  or  track  is  six  inches 
wide,  shall  pay  only  half  the  usual  tolls ;    those  with 

wheels  nine  inches  wide,  only  one-fourth  ;  and  that  tliose 

13 
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with  twelve  inches  shall  pay  none  at  all.    The  proportiom 
afrree  precisely  with  those  deduced  fronn  observation  by 
an  experienced  EngHsh  roadmaker.*     The  felloe  shouM 
have  a  fl.«t  bearing  surface  and  not  a  rounded  one.    The 
benefi'.s  of  broad  wheels  are  sometimes  destroyed  by  over- 
leading  them.     To  prevent  this,  when  tolls  are  coUectedi 
llic)  should  be  increased,  for  each  additional  horse,  raore 
rapidly  than  the  direct  proportion  ;  thus,  if  one  horse  paid 
3  cents,  two  should  pay  1 1,  three  17,  &c.    Narrow  wheels 
are  particularly  injurious  when  in  rapid  motion,  for  having 
h'ss  resistance  and  greater  velocity  than  others,  they  re- 
volve less  perfectly,  and  drag  more,  thus  producing  the 
worst  sort  of  effect.     Conical  wheels,  of  which  the  innei 
is  greater  than  the  outer  circumference,  tend  to  move  in 
a  curve,  and  being  forced  to  proceed  in  a  right  Hne,  exert 
a  peculiarly  destructive  grinding  action  on  the  road.     On 
McAdam  roads,  horses'  feet  exercise  a  more  destructive 
ofi'ecl  than  the  wheels  of  vehicles.     It  has  been  calcula- 
ted t  that  a  set  of  tires  would  run  2700  miles  in  average 
weather,  but  that  a  set  of  horses'  shoes  would  bear  only 
200  rnilets  of  travel.}: 


*  Peiifolfl,  p.  22.  t  Gordon  on  Locomotion.      * 

+  The  impel  I'ect  surface  of  an  earth  road  makes  it  doubly  important 
to  take  every  precaution  to  lessen  the  friction  of  vehicles  upon  it.  The 
resistance  decreases  as  the  breadth  of  the  tire  increases,  on  compressible 
rouds,  as  earth,  sand,  gravel,  &/C. ;  while  on  paved  and  brbken-stoue  roads, 
the  resistance  is  nearly  independent  of  the  breadth  of  the  tire.*  Cylin- 
driral  wheels  also  cause  less  friction  than  conical  ones.  The  larger  the 
vvheelp  the  less  friction  have  they,  and  the  greater  power  of  leverage  in 
Dv»'rconiing  obstacles.  The  fore-wheels  should  be  as  large  as  the  hind  one*, 
were  it  not  for  convenience  of  turning.  The  axles  should  he  straight, 
and  not  bent  downward  at  the  end,  which  increases  the  friction,  Ihongli 
it  hoK  the  advantage  of  throwing  the  mud  away  from  the  carriage.  The 
Jjiad  slioiild  be  placed  on  the  hind  wheels  rather  than  on  the  fore  oim 
-  *  Morin  P.  3.151 
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2.  aEAVEL  ROADS.* 

Tlie  roundness  of  the  pebbles,  which  form  the  chief 
part  of  gravel,  whether  from  rivers  or  pits,  prevents  them 
from  perfectly  consolidating,  except  under  much  travel ; 
but  still  a  gravel  road,  properly  made,  is  far  superior  to 
one  of  common  earth.  Gravel  from  the  shores  of  rivers 
is  too  clean  for  this  object,  and  does  not  contain  enough 
earthy  matter  to  unite  and  bind  together  its  pebbles,  which 
aie  too  perfectly  water- worn,  and  freed  from  asperities: 
On  the  other  hand,  gravel  dug  from  the  earth  contains  too 
much  earth,  which  must  be  sifted  from  it  before  use.  Two 
sieves  should  be  provided,  through  which  the  gravel  is  to 
be  thrown.  One  should  have  wires,  an  inch  and  a  half 
or  two  inches  apart,  so  that  all  pebbles  above  that  size 
may  be  rejected.  The  other  should  have  spaces  of  three 
quarters  of  an  inch,  and  the  material  which  passes  through 
it  should  be  thrown  away,  or  employed  for  foot-palhs. 
The  expense  of  sifting  will  be  more  than  repaid  by  the 
superior  condition  of  the  road  formed  by  the  purified  ma- 
terial, and  the  diminution  of  labor  in  keeping  it  in  order. 

The  road-bed  should  be  well  shaped  and  drained.  If 
it  is  rock,  all  projecting  points  should  be  broken  off,  and 
a  layer  of  earth,  a  foot  thick,  should  be  interposed,  or  the 
gravel  will  wear. away  much  more  rapidly,  and  consoH- 
date  much  more  slowly. 


hong  and  pliant  8prtng8  greatly  lessen  the  shock  of  passing  over  obsta- 
cles, and  their  advantage  has  been  stated  to  be  equal  lo  one  horse  in  fou' 
The  line  of  draught  should  ascend  at  an  angle  of  15  degrees,  so  that 
whrtu  the  horse  leans  forward  in  pulling,  his  force  will  be  exerted  nearly 
norizoiitaily 
*  Fanicll,  p.  170.    Ponfold  p.  13.     A-iner.  Railroad  Journal,  vol.  il  p.  4 
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The  strength  of  a  iivall  may  be  still  farther  increased  by 
lessening  its  thickness,  and  employing  the  difference  of 
the  amount  of  masonry  in  buttresses  or  counter-forts,  at 
tachcd  to  its  back  at  regular  intervals,  and  firmly  banded 

Fig.  107. 


with  it.  The  trapezoidal  section  for  them  is  preferred,  aa 
giving  a  broader  base  of  union.  Fig.  107  is  a  ground  plan 
of  such  an  arrangement. 

To  lessen  the  pressure  of  an  embankment,  that  portion 
of  it  next  the  wall  should  be  formed  in  compact  layers, 
inclining  downward  from  the  wall.  Through  die  wall 
should  be  left  holes  {barbacanes)  six  inches  high  and  three 
wide,  disposed,  in  the  quincunx  form,  at  distances  of  six 
feet  horizontally,  and  four  feet  vertically,  in  order  to  give 
vent  to  the  Wdter  which  may  filtrate  through  the  bank. 

The  masonry  of  a  wall  which  has  to  sustain  great 
pressures,  requires  much  attention.  The  following  is 
part  of  the  specification  for  such  walls  of  rubble  ma- 
sonry on  the  public  works  of  the  state  of  New  York. 
"  The  stone  shall  be  sound,  well-shaped,  and  durable, 
and  of  not  less  than  6  inches  in  thickness,  and  three  feet 
area  of  bed.  The  smoothest  and  broadest  bed  shall  in 
all  cases  be  laid  down,  and  if  it  be  rough  and  uneven,  all 
projecting  points  shall  be  hammered  off;  and  the  same 
from  the  top  bed,  so  as  to  give  the  succeeding  stone  a 
firm  bearing.  In  all  cases  the  bed  shall  be  properly  pre- 
pared, by  levelling  up,  before  the  next  stone  is  laid,  but 
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tio  levellers  shall  be  placed  under  a  stone  by  raising  it 
from  its  bed.  One-fourth  of  the  wall  shall  be  composed 
of  headers^  which  shall  extend  through  the  wall,  where 
it  is  not  more  than  two  feet  thick,  and  from  2  to  4  feet 
back  for  thicker  walls.  The  whole  shall  be  laid  in  hy- 
draulic mortar,  composed  of  the  best  quality  of  cement^ 
and  clean  sharp  sand ;  and  particular  care  shall  be  taken 
to  have  each  stone  surrounded  with  mortar,  and  tho> 
roughly  bedded  in  iU" 
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CHAPTER  TV 

IMPROVEMENT  OF  THE  SURFACE. 

**  N^ext  to  the  general  influence  of  the  seasons,  there  in  perhaje  no  cit« 
cnmstance  more  interestinj^  to  men  m  a  civilized  Bta,te,ih<iaihe  perfedion 
'»f  the  means  of  interior  communication." 

Committee  of  House  of  Commons,  1819. 

The  surface  of  a  newly-made  road  is  generally  very 
deficient  in  the  important  qualities  of  hardness  and  smooth- 
ness, and  to  secure  these  attributes  in  their  highest  at- 
tainable degree,  it  is  necessary  to  co\er  the  earth,  which 
forms  the  natural  surface  of  the  road,  with  some  other 
material,  such  as  stone,  wood,  &c.  The  benefits  of  such 
a  process  are  twofold,  consisting, 

1.  In  substituting  a  hard  and  srnooth  surface  for  the 
soft  and  uneven  earth  ; 

2.  In  protecting  the  ground  beneath  it  from  the  action 
of  the  rain-water,  which,  by  penetrating  to  it,  and  remain- 
mg  upon  it,  would  not  only  impede  the  progress  of  vehi- 
cles, but  render  the  road  too  weak  to  bear  their  weight. 

Such  a  covering  should  be  regarded,  not  as  an  arch  to 
bear  the  weight  of  the  vehicles,  but  simply  as  a  roof,  to 
protect  the  earth  beneath  it  from  the  weather ;  not  as  a 
substitute  for  the  soil  under  it,  but  only  as  a  protection  to 
tiiat  soil  to  enable  it  to  retain  its  natural  strength.  Erro- 
neous views  on  this  point  have  caused  very  prejudicial 
practices,  particularly  in  the  case  of  broken  stone,  or 
McAdam-roads. 
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The  various  surfaces  will  be  considered  in  llie  following 
order  ;  beginning  with  the  most  imperfect,  thai  of  the 
unimproved  earth,  and  ending  with  the  most  perfect  yet 
attained — that  of  Railroads. 

1.  EARTH  ROADS. 

2.  GRAVEL  ROADS. 

3.  BROKEN  STONE,  OR  McADAM  ROADS. 

4.  PAVED  ROAD& 
6.  ROADS  OP  WOOD. 

6.  ROADS  OP  OTHER  MATERIALS. 

7.  ROADS  WITH  TRACKWAYS. 


1.  EARTH  ROADS. 

Roads  of  earth,  with  the  surfaces  of  the  excavalions 
and  embankment  unimproved  by  art,  are  very  deficient  at 
all  times  in  the  important  requisites  of  stnoolhiicss  atid 
hardness,  and  in  the  spring  are  almost  impassable.  But 
with  all  their  faults,  they  are  almost  the  only  roads  in  this 
country,  (the  scantiness  of  labor  and  capital  as  yet  })re- 
venting  the  adoption  of  better  ones)  and  therefore  no  pains 
should  be  spared  to  render  them  as  good  as  their  nature 
will  permit. 

The  faults  of  surface  being  so  great,  it  is  especially  ne- 
cessary to  lessen  all  other  defects,  and  to  make  the  road  in 
all  other  respects  as  nearly  as  possible  "  what  it  ought  to 
be."  Its  grades  should  therefore  be  made,  if  possible,  as 
easy  as  1  in  30,*  by  winding  around  the  hills,  or  by  cut- 
ting them  down  and  filling  up  the  valleys.  Its  shape 
should  be  properly  formed  with  a  slope  of  I  in  20|-  each 

•  See  page  41.  +  Page  ,51 
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;  made  itsj   1 


way  from  the  ceitlre.  lis  drainage  sliould  be  n 
tliorough,  by  deep  and  capacious  ditches,  sloping  not  le 
llian  1  in  125,*  in  accordance  with  the  minimum  ruad 
slope.  Drainage  alone  will  often  change  a  bad  road  to  a 
good  one,  and  without  it  no  permanent  improvemeni  can 
be  effected.  Trees  should  be  removed  from  the  borders  of 
the  road,  as  intercepting  the  sun  and  wind  from  its  surJace. 

If  the  soil  he  a  loose  sand,  a  coating  of  six  inches  of 
clay  carted  upon  it,  will  be  [he  most  effective  and  the 
clieapesl  way  of  improving  it,  if  the  cla^'  can  be  obtained 
within  a  moderate  distance.  Only  one-half  the  width 
need  be  covered  with  the  clay,  thus  forming  a  road  fwthe 
Eummer  travel,  leaving  the  other  sandy  portion  untouched, 
to  serve  for  the  travel  in  the  rainy  season. 

If  the  soil  be  an  adhesive  clay,  the  application  of  sand 
in  a  sicnilar  manner  wilt  produce  equally  beneiicial  results. 
On  a  sleep  hill  these  improvements  will  be  particular!} 
valuable. 

When  the  road  is  worn  down  into  hollows,  and  requires 
a  supply  of  new  material,  its  selection  should  be  made 
with  great  care,  so  that  it  may  be  as  gravelly  as  possible, 
and  entirely  free  from  vegetable  earth,  muck,  or  mould 
No  sod  or  turf  should  ever  be  allowed  to  come  upon  the 
road,  to  fill  a  hole  or  rut,  or  in  any  other  way  ;  for,  though 
at  first  deceptively  tough,  ihey  soon  decay,  and  form  the 
softest  mud.  Nor  should  the  roadmakerrun  into  the  other 
extreme,  and  fill  up  the  ruts  and  holes  with  stones,  which 
will  not  wear  uniformly  with  the  rest  of  the  road,  but  will 
produce  hard  bumps  and  ridges.  The  plough  and  the 
wcraper  should  never  be  used  in  repairing  a  road.  Their 
work  is  large  in  quantity,  but  very  bad  in  quality.     The 

■  See  paiie  54. 
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plough  breaks  up  the  compact  surface,  which  time  and 
travel  had  made  tolerable ;  and  the  scraper  drags  upon 
tlie  road  from  the  side  ditches  the  soft  and  alluvial  mattei 
which  the  rains  had  removed,  but  which  this  implement 
obstinately  returns  to  the  road. 

A  very  good  substitute  for  the  scraper,  in  levelling  the 
surface  of  the  road,  clearing  it  of  stones,  and  filling  up 
the  ruts,  consists  of  a  stick  of  timber,  shod  with  iron,  and 
attached  to  its  tongue  or  neap  obliquely,  so  that  it  is  drawn 
over  the  road  **  quartering,"  and  throws  all  obstructions 
to  one  side.  The  stick  may  be  six  feet  long,  a  foot  wide, 
and  six  inches  thick,  and  have  secured  to  its  front  side  a 
bar  of  iron  descending  half  an  inch  below  the  wood. 

Every  hole  or  rut  in  a  road  should  be  at  once  filled  up 
with  good  materials,  for  the  wheels  fall  into  them  like 
hammers,  deepening  them  at  each  stroke,  and  thus  in- 
creasing the  destructive  effect  of  the  next  wheel. 

EFFECT   OF    WHEELS    ON    THE    SURFACE. 

The  effects  of  broad  and  narrow  wheels  upon  roads 
have  been  much  discussed,  and  many  laws  enacted  to 
encourage  the  use  of  the  former.  Upon  a  hard  and  well- 
made  road,  (such  as  one  of  broken  stone)  there  is  little 
difference  between  them,  but  on  a  common  earth  road, 
narrow  wheels,  supporting  heavy  weights,  exercise  a  very 
destructive  cutting  and  ploughing  action.  This  dimin- 
ishes as  the  width  of  the  felloe  increases,  which  it  may 
do  to  such  an  extent,  that  the  wheel  acts  as  a  roller  in  im- 
proving, instead  of  injuring,  the  surface.  For  these  rea 
sons  the  New  York  turnpike  law  enacts  that  carriages, 
having  wheels  of  which  the  tire  or  track  is  six  inches 
wide,  shall  pay  only  half  the  usual  tolls ;    those  with 

wheels  nine  inches  wide,  only  one-fourth  ;  and  that  tliose 
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with  twelve  inches  shall  pay  none  at  all.  The  proportimis 
a^rree  precisely  with  those  deduced  from  observation  bj 
an  experienced  English  roadmaker.*  The  felloe  should 
have  a  fl;«t  bearing  surface  and  not  a  rounded  one.  The 
benefits  of  broad  wheels  are  sometimes  destroyed  by  over- 
leading  them.  To  prevent  this,  when  tolls  are  collected, 
llie)  should  be  increased,  for  each  additional  horse,  more 
rapidly  than  the  direct  proportion  ;  thus,  if  one  horse  paid 
3  cents,  iwo  should  pay  1 1,  three  17,  &c.  Narrow  wheels 
are  particularly  injurious  when  in  rapid  motion,  for  having 
less  resistance  and  greater  velocity  than  others,  they  re- 
volve less  perfectly,  and  drag  more,  thus  producing  the 
worst  sort  of  effect.  Conical  wheels,  of  which  the  innei 
is  greater  than  the  outer  circumference,  tend  to  move  in 
a  curve,  and  being  forced  to  proceed  in  a  right  line,  exert 
a  peculiarly  destructive  grinding  action  on  the  road.  On 
McAdam  roads,  horses'  feet  exercise  a  more  destructive 
efi'ect  than  the  wheels  of  vehicles.  It  has  been  calcula- 
ludt  that  a  set  of  tires  would  run  2700  miles  in  average 
weather,  but  that  a  set  of  horses'  shoes  would  bear  only 
200  miless  of  travel.J 


*  Penfolfl,  p.  22.  t  Gordon  on  Locomotion.      * 

;  11  le  impel  r'ect  surface  of  an  earth  road  makes  it  doubly  important 
lo  take  every  precaution  to  lessen  the  friction  of  vehicles  upon  it.  Tiie 
resistance  decreases  as  the  breadth  of  the  tire  increases,  on  compressible 
roads,  as  earth,  sand,  gravel,  &c. ;  while  on  paved  and  brOken-stoue  roads, 
the  resistance  is  nearly  independent  of  the  breadth  of  the  tire.*  CyliU' 
driral  wheels  also  cause  less  friction  than  conical  ones.  The  larger  the 
wheelp  the  less  friction  have  they,  and  the  greater  power  of  leverage  in 
ov<*rconiing  obstacles.  The  fore-wheels  should  be  as  large  as  the  hind  ones, 
wore  it  not  for  convenience  of  turning.  The  axles  should  be  straightt 
and  not  bent  downward  at  the  end,  which  increases  the  friction,  Ihongh 
it  IiQK  the  advantage  of  throwing  the  mud  away  from  the  carriage.  The 
had  slioiild  be  placed  on  the  hind  wheels  rather  than  on  tlie  fore  oif« 

•  Morin  p.  Xiii 
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The  roundness  of  the  pebbles,  which  form  the  chief 
part  of  gravel,  whether  from  rivers  or  pits,  prevents  them 
from  perfectly  consolidating,  except  under  much  travel ; 
but  still  a  gravel  road,  properly  made,  is  far  superior  to 
one  of  common  earth.  Gravel  from  the  shores  of  rivers 
is  too  clean  for  this  object,  and  does  not  contain  enough 
earthy  matter  to  unite  and  bind  together  its  pebbles,  which 
are  too  perfectly  water-worn,  and  freed  from  asperities; 
On  the  other  hand,  gravel  dug  from  the  earth  contains  too 
much  earth,  which  must  be  sifted  from  it  before  use.  Two 
sieves  should  be  provided,  through  which  the  gravel  is  to 
be  thrown.  One  should  have  wires,  an  inch  and  a  half 
or  two  inches  apart,  so  that  all  pebbles  above  that  size 
may  be  rejected.  The  other  should  have  spaces  of  three 
quarters  of  an  inch,  and  the  material  which  passes  through 
it  should  be  thrown  away,  or  employed  for  foot-paths. 
The  expense  of  sjfting  will  be  more  than  repaid  by  the 
superior  condition  of  the  road  formed  by  the  purified  ma- 
terial, and  the  diminution  of  labor  in  keeping  it  in  order. 

The  road-bed  should  be  well  shaped  and  drained.  If 
it  is  rock,  all  projecting  points  should  be  broken  off,  and 
a  layer  of  earth,  a  foot  thick,  should  be  interposed,  or  the 
gravel  will  wear  away  much  more  rapidly,  and  consoli- 
date much  more  slowly. 


hong  and  pliant  aprtnga  greatly  lessen  the  shock  of  passing  over  obsta- 
cles, and  their  advantage  has  been  stated  to  be  equal  to  one  horse  in  fou' 
The  line  of  draught  should  ascend  at  an  angle  of  15  degrees,  so  that 
whriu  the  horse  leans  forward  in  pulling,  his  force  will  be  exerted  neurlv 
norizoutaily 
*  Fanicll,  p.  170.   Ponfold  p.  13.     A.mer.  Railroad  Journal,  vol.  il  p.  4 
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a  bdlirot  Jj  be  desired,  it  will  be  4  .— 7*0^13='*  •  —  .8=;3.a 
The  bdtir  is  supposed  not  to  exceed  one-fifth  of  the  height 
From  the  mean  thickness,  those  of  the  top  and  bottom  are 
readily  deduced,  knowing  the  height  and  bdtir. 

Fig.  105 


The  desired  increase  of  thick- 
ness towards  the  bottom  of  a  wall 
IS  often  given  by  offsets  at'  its 
back.  Considerable  resistance  to 
the  overturning  of  the  wall  is  of- 
fered by  the  weight  of  the  earth 
which  rests  upon  these  offsets. 


Fig.  106 


Still  more  economical  of 
masonry  is  a  leaning  retain- 
ing wall,  in  which  the  back 
has  a  bdtir,  which  may  ad- 
vantageously be  1  in  6.  In 
this  case  strength  requires 
that  the  perpendicular  let  fall 
from  the  centre  of  gravity 
of  the  section  upon  the  base, 
should  fall  so  far  within  the 
inner  edge  of  the  base,  lliat 
ihe  stone  of  the  bottom  course  of  the  foundation  may 
present  sufficient  surface  to  bear  the  pressure  upon  it. 


*  Mahaa,  p.  142. 
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The  strength  of  a  wall  may  be  still  farther  increased  by 
lessening  its  thickness,  and  employing  the  difference  of 
the  amount  of  masonry  in  buttresses  or  counter-forts,  at 
tached  to  its  back  at  regular  intervals,  and  firmly  banded 

Fig.  107. 


with  it.  The  trapezoidal  section  for  them  is  preferred,  as 
giving  a  broader  base  of  union.  Fig.  107  is  a  ground  plan 
of  such  an  arrangement. 

To  lessen  the  pressure  of  an  embankment,  that  portion 
of  it  next  the  vv^all  should  be  formed  in  compact  layers, 
inclining  downward  from  the  wall.  Through  die  wall 
should  be  left  holes  {barbacanes)  six  inches  high  and  three 
wide,  disposed,  in  the  quincunx  form,  at  distances  of  six 
feet  horizontally,  and  four  feet  vertically,  in  order  to  give 
vent  to  tlie  water  which  may  filtrate  through  the  bank. 

The  masonry  of  a  wall  which  has  to  sustain  great 
pressures,  requires  much  attention.  The  following  is 
part  of  the  specification  for  such  walls  of  rubble  ma- 
sonry on  the  public  works  of  the  state  of  New  York. 
"  The  stone  shall  be  sound,  well-shaped,  and  durable, 
and  of  not  less  than  6  inches  in  thickness,  and  three  feet 
area  of  bed.  The  smoothest  and  broadest  bed  shall  in 
all  cases  be  laid  down,  and  if  it  be  rough  and  uneven,  all 
projecting  points  shall  be  hammered  off;  and  the  same 
from  the  top  bed,  so  as  to  give  the  succeeding  stone  a 
firm  bearing.  In  all  cases  the  bed  shall  be  properly  pre- 
pared,  by  levelling  up,  before  the  next  stone  is  laid,  but 
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tio  levellers  shall  be  placed  under  a  stone  by  raising  it 
from  its  bed.  One-fourth  of  the  wall  shall  be  composed 
of  headers^  which  shall  extend  through  the  wall,  where 
it  is  not  more  than  two  feet  thick,  and  from  2  to  4  feet 
back  for  thicker  walls.  The  whole  shall  be  laid  in  hy- 
draulic mortar,  composed  of  the  best  quality  of  cement^ 
and  clean  sharp  sand  ;  and  particular  care  shall  be  taken 
to  have  each  stone  surrounded  with  mortar,  and  tho> 
rou>;;hIy  bedded  in  iU" 
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CHAPTER  TV 

IMPROVEMENT  OF  THE  SURFACE. 

**  N^ext  to  the  general  influence  of  the  seasons,  there  hs  perhaje  no  cii* 
cumstance  more  interesting  to  men  in  a  civilized  state,  thcia  the  perfeelm 
'»f  the  means  of  interior  communication." 

Committee  of  House  of  Commons,  1819. 

The  surface  of  a  newly-made  road  is  generally  very 
deficient  in  the  important  qualities  of  hardness  and  smooth- 
ness, and  to  secure  these  attributes  in  their  highest  at- 
tainable degree,  it  is  necessary  to  co\  er  the  earth,  which 
forms  the  natural  surface  of  the  road,  with  some  other 
material,  such  as  stone,  wood,  &c.  The  benefits  of  such 
a  process  are  twofold,  consisting, 

1.  In  substituting  a  hard  and  smooth  surface  for  the 
soft  and  uneven  earth  ; 

2.  In  protecting  the  ground  beneath  it  from  the  action 
of  the  rain-water,  which,  by  penetrating  to  it,  and  remain- 
mg  upon  it,  would  not  only  impede  the  progress  of  vehi- 
cles, but  render  the  road  too  weak  to  bear  their  weight. 

Such  a  covering  should  be  regarded,  not  as  an  arch  to 
bear  the  weight  of  the  vehicles,  but  simply  as  a  roof,  to 
protect  the  earth  beneath  it  from  the  weather ;  not  as  a 
substitute  for  the  soil  under  it,  but  only  as  a  protection  to 
tliat  soil  to  enable  it  to  retain  its  natural  strength.  Erro- 
neous views  on  this  point  have  caused  very  prejudicial 
practices,  particularly  in  the  case  of  broken  stone,  or 
McAdam-roads. 
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The  various  surfaces  will  be  considered  in  the  following 
order  ;  beginning  with  the  most  imperfect,  thai  of  the 
unimproved  earth,  and  ending  with  the  most  perfect  yet 
attained — that  of  Railroads. 

1.  EARTH  ROADS. 

2.  GRAVEL  ROADS. 

3.  BROKEN  STONE,  OR  McADAM  ROADS. 

4.  PAVED  R0AD& 
6.  ROADS  OP  WOOD. 

6.  ROADS  OP  OTHER  MATERIALS. 

7.  ROADS  WITH  TRACKWAYS. 


1.  EARTH  ROADS. 

Roads  of  earth,  with  the  surfaces  of  the  excavations 
and  embankment  unimproved  by  art,  are  very  deficient  at 
all  times  in  the  important  requisites  of  smoothness  and 
hardness,  and  in  the  spring  are  almost  impassable.  But 
with  all  their  faults,  they  are  almost  the  only  roads  in  this 
country,  (the  scantiness  of  labor  and  capital  as  yet  pre- 
venting the  adoption  of  better  ones)  and  therefore  no  pains 
should  be  spared  to  render  them  as  good  as  their  nature 
will  permit. 

The  faults  of  surface  being  so  great,  it  is  especially  ne- 
cessary to  lessen  all  other  defects,  and  to  make  the  road  in 
all  other  respects  as  nearly  as  possible  "  what  it  ought  to 
be."  Its  grades  should  therefore  be  made,  if  possible,  as 
easy  as  1  in  30,*  by  winding  around  the  hills,  or  by  cut- 
ting them  down  and  filling  up  the  valleys.  Its  shape 
should  be  properly  formed  with  a  slope  of  1  in  201  each 

•  See  pajro  41.       .         t  Page  51 
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way  from  llie  centre.  Us  drainage  should  be  luadeTerj 
ihorougli,  by  deep  and  capacious  ditches,  sloping  not  less 
limn  1  in  125,"  in  accordance  with  the  minimum  ruail 
slope.  Drainage  alone  will  ofieu  change  a  bad  road  to  a 
good  one,  and  wivhout  it  no  permanent  improvement  can 
be  effected.  Trees  should  be  removed  from  the  borders  of 
ihe  road,  as  interccptiug  the  sun  and  wind  from  its  surface. 

J/  ihe  stuJ  he  a  loose  sand,  a  coating  of  sis.  inches  of 
clay  carted  upon  it,  will  be  the  most  effective  and  the 
cheapest  way  of  improving  it,  if  ihe  clay  can  be  obtained 
within  a  moderate  distance.  Only  one-half  the  width 
need  be  covered  with  the  clay,  thus  forming  a  road  few  the 
summer  travel,  leaving  the  otlier  sandy  portion  untouched, 
to  serve  for  the  travel  in  the  rainy  season. 

If  the  soil  be  an  adhesive  clay,  the  application  of  sand 
in  a  similar  manner  will  produce  equally  heneiicial  results. 
On  a  steep  hili  these  improvements  will  be  particularlj 
valuable. 

Wiien  the  road  is  worn  down  into  hollows,  and  requires 
a  supply  of  new  material,  lis  selection  should  be  made 
with  great  care,  so  that  it  may  be  as  gravelly  as  possible, 
and  enlirely  free  from  vegetable  earth,  muck,  or  mould 
No  sod  or  turf  sliould  ever  be  allowed  to  come  upon  the 
road,  to  fill  a  hole  or  rut,  or  in  any  other  way  ;  for,  though 
at  first  deceptively  lough,  iliey  soon  decay,  and  form  the 
softest  mud.  Nor  should  the  roadmaker  run  into  the  other 
extreme,  and  fill  up  the  ruts  and  holes  with  stones,  which 
will  not  wear  uniformly  with  the  rest  of  the  road,  bui  will 
produce  hard  bumps  and  ridges.  The  plough  and  the 
scraper  should  never  be  used  in  repairing  a  road.  Their 
work  is  large  id  quantity,  but  very  bad  in  quality.    The 

•  See  pai^  54. 
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plough  breaks  up  the  compact  surface,  which  time  and 
travel  had  made  tolerable ;  and  the  scraper  drags  upon 
the  road  from  the  side  ditches  the  soft  and  alluvial  mattei 
which  the  rains  had  removed,  but  which  this  implemenl 
obstinately  returns  to  the  road. 

A  very  good  substitute  for  the  scraper,  in  levelling  the 
surface  of  the  road,  clearing  it  of  stones,  and  filling  up 
the  ruls,  consists  of  a  stick  of  timber,  shod  with  iron,  and 
attached  to  its  tongue  or  neap  obliquely,  so  that  it  is  drawn 
over  the  road  **  quartering,"  and  throws  all  obstructions 
to  one  side.  The  stick  may  be  six  feet  long,  a  foot  wide, 
and  six  inches  thick,  and  have  secured  to  its  front  side  a 
bar  of  iron  descending  half  an  inch  below  the  wood. 

Every  hole  or  rut  in  a  road  should  be  at  once  filled  up 
with  good  materials,  for  the  wheels  fall  into  them  like 
hammers,  deepening  them  at  each  stroke,  and  thus  in- 
creasing the  destructive  effect  of  the  next  wheel. 

EFFECT   OF    WHEELS    ON    THE    SURFACE. 

The  effects  of  broad  and  narrow  wheels  upon  roads 
have  been  much  discussed,  and  many  laws  enacted  to 
encourage  the  use  of  the  former.  Upon  a  hard  and  well- 
made  road,  (such  as  one  of  broken  stone)  there  is  httle 
difference  between  them,  but  on  a  common  earth  road, 
narrow  wheels,  supporting  heavy  weights,  exercise  a  very 
destructive  cutting  and  ploughing  action.  This  dimin- 
ishes as  the  width  of  the  felloe  increases,  which  it  may 
do  to  such  an  extent,  that  the  wheel  acts  as  a  roller  in  im- 
proving, instead  of  injuring,  the  surface.  For  these  rea 
sons  the  New  York  turnpike  law  enacts  that  carriages, 
having  wheels  of  which  the  tire  or  track  is  six  inches 
wide,  shall  pay  only  half  the  usual  tolls ;    those  with 

wheels  nine  inches  wide,  only  one-fourth  ;  and  that  tliose 
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with  twelve  inches  shall  pay  none  at  all.  The  proportions 
a^ree  precisely  with  those  deduced  from  observation  by 
;in  experienced  English  roadmaker.*  The  felloe  should 
have  a  fl;»t  bearing  surface  and  not  a  rounded  one.  The 
benefi*.s  of  broad  wheels  are  sometimes  destroyed  by  over- 
leading  ihem.  To  prevent  this,  when  tolls  are  collected, 
Liie)  sliould  be  increased,  for  each  additional  horse,  more 
rapidly  than  the  direct  proportion  ;  thus,  if  one  horse  paid 
o  cents,  two  should  pay  1 1,  three  17,  &c.  Narrow  wheels 
are  particularly  injurious  when  in  rapid  motion,  for  having 
less  resistance  and  greater  velocity  than  others,  they  re- 
volve less  perfectly,  and  drag  more,  thus  producing  the 
worst  sort  of  effect.  Conical  wheels,  of  which  the  innei 
is  greater  than  the  outer  circumference,  tend  to  move  in 
a  curve,  and  being  forced  to  proceed  in  a  right  line,  exert 
a  peculiarly  destructive  grinding  action  on  the  road.  On 
Me  Adam  roads,  horses'  feet  exercise  a  more  destructive 
effect  than  the  wheels  of  vehicles.  It  has  been  calcula- 
ted! that  a  set  of  tires  would  run  2700  miles  in  average 
wealhcr,  but  that  a  set  of  horses'  shoes  would  bear  only 
200  iiiilcb  of  travel 4 


*  Penfolcl,  p.  22.  t  Gordon  on  Locomotion.      ' 

+  Tlie  impel r'ect  surface  of  an  earth  road  makes  it  doubly  important 
to  take  every  precaution  to  lessen  the  friction  of  vehicles  upon  it.  The 
resistance  decreases  as  the  breadth  of  the  tire  increases,  on  compressible 
roads,  as  earth,  sand,  gravel,  &c. ;  while  on  paved  and  brt>ken>8toue  roads, 
the  resistance  is  nearly  independent  of  the  breadth  of  the  tire.*  Cylin' 
driral  wiieels  also  cause  less  friction  than  conical  ones.  The  larger  the 
wheelp  the  less  friction  have  they,  and  the  greater  power  of  leverage  iu 
ov'TComing  obstacles.  The  fore-wheels  should  be  as  large  as  the  hind  ones, 
wore  it  not  for  convenience  of  turning.  The  axles  should  be  straighti 
and  not  bent  downward  at  the  end,  which  increases  the  friction,  though 
it  hoK  the  advantage  of  throwing  the  mud  away  from  the  carriage.  The 
had  should  be  placed  on  the  hind  wheels  rather  than  on  tlie  forp  o*lf« 

♦  Morin  p.  3.1'» 
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2.  GRAVEL  ROADS.* 

The  roundness  of  the  pebbles,  which  form  the  chief 
part  of  gravel,  whether  from  rivers  or  pits,  prevents  them 
from  perfectly  consolidating,  except  under  much  travel ; 
but  still  a  gravel  road,  properly  made,  is  far  superior  to 
one  of  common  earth.  Gravel  from  the  shores  of  rivers 
is  too  clean  for  this  object,  and  does  not  contain  enough 
earthy  mailer  to  unite  and  bind  together  its  pebbles,  which 
are  too  perfectly  water-worn,  and  freed  from  asperities: 
On  the  other  hand,  gravel  dug  from  the  earth  contains  too 
much  earth,  which  must  be  sifted  from  it  before  use.  Two 
sieves  should  be  provided,  through  which  the  gravel  is  to 
be  thrown.  One  should  have  wires,  an  inch  and  a  half 
or  two  inches  apart,  so  that  all  pebbles  above  that  size 
may  be  rejected.  The  other  should  have  spaces  of  three 
quarters  of  an  inch,  and  the  material  which  passes  through 
it  should  be  thrown  away,  or  employed  for  foot-paths. 
The  expense  of  sifting  will  be  more  than  repaid  by  the 
superior  condition  of  the  road  formed  by  tiie  purified  ma- 
terial, and  the  diminution  of  labor  in  keeping  it  in  order. 

The  road-bed  should  be  well  shaped  and  drained.  If 
it  is  rock,  all  projecting  points  should  be  broken  off,  and 
a  layer  of  earth,  a  foot  thick,  should  be  interposed,  or  the 
gravel  will  wear  .away  much  more  rapidly,  and  consoli- 
date much  more  slowly. 


Long  and  pliant  spnnga  greatly  lessen  the  shock  of  passing  over  obsta- 
cles, and  their  advantage  has  been  stated  to  be  equal  lo  one  horse  in  fou' 
The  line  of  draught  should  ascend  at  an  angle  of  15  degrees,  so  that 
whf^ii  the  horse  leans  forward  in  pulling,  his  force  will  be  exerted  nearlv 
norizoutaily 
*  Panioll,  p.  170.    Ponfold  p.  13.     A.mer.  Railroad  Jonrual,  vol.  il  p.  4 
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A  coating  oi  four  inches  of  gravel  should  be  spread 
over  the  road-bed,  and  vehicles  allowed  to  pass  over  it 
111  it  becomes  tolerably  firm,  and  is  nearly,  but  not  en* 
tirely,  consohdated ;  men  being  stationed  to  continually 
rake  in  the  ruts,  as  fast  as  they  appear.  A  second  coat* 
ing  of  3  or  4  inches  should  then  be  added  and  treated  like 
the  first ;  and  finally  a  third  coating.  A  very  heavy  roller 
drawn  over  the  road  will  hasten  its  consolidation.  Wei 
weather  is  the  most  favorable  time  for  adding  new  ma 
terials. 

A  very  erroneous  practice  is  that  of  putting  the  larger 
gravel  at  the  bottom,  and  the  smaller  at  the  surface ;  for, 
from  the  effects  of  the  frost,  and  of  the  vibration  of  car- 
riages, the  larger  stones  will  rise  to  the  surface  and  the 
smaller  ones  descend,  like  the  materials  in  a  shaken  sieve, 
and  the  road  will  never  become  firm  and  smooth. 

3.  BROEEN-STONE  ROADS. 

Broken-stone  roads  have  been  the  subjects  of  violent 
partisanship  on  many  disputed  points,  and  the  most  im- 
portant of  these  questions  relates  to  the  propriety  or  ne- 
cessity of  a  paved  foundation  beneath  the  coating  of  bro- 
ken stones.  McAdam  warmly  denies  the  advantages  of 
this,  while  Telford  supports  and  practises  it.  Broken- 
stone  roads  may  therefore  be  conveniently  divided  into 
McAdam  roads  and  Telford  roads. 

McADAM  ROADS. 

Mr.  McAdam,  who  first  brought  into  general  use  m 
England  roads  of  broken  stone,  and  from  whom  they  de- 
rive their  popular  name,  is  said*  to  have  deduced  Uie 

*  Millint(ton,  p.  234. 
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leading  pnnciples  of  bis  improved  system  trom  his  obser- 
vation of  the  passage  of  a  heavy  vehicle,  such  as  a  loaded 
stage-coach,  over  a  newly-formed  gravel  road.  The  wheels 
sink  in  to  a  considerable  depth,  and  plough  up  the  road, 
in  consequence  of  the  roundness  of  the  pebbles,  which 
renders  them  easily  displaced.  Hence  ensues  great  fric- 
tion against  the  wheels  ;  which,  moreover,  are  always  in 
hollows  with  little  hills  of  pebbles  in  front  of  them,  which 
they  must  roll  over  or  push  aside.  The  evil  continues, 
until  at  last,  after  long-repealed  passages  of  heavy  vehi- 
cles, the  pebbles  have  become  broken  into  angular  frag- 
ments, which  finally  form  a  compact  mass. 

But  since  this  is  so  desirable  a  consummation,  the  task 
of  breaking  the  stones  ought  not  to  be  imposed  on  the 
carriages,  but  should  be  performed  in  advance  by  manual 
labor,  by  which  it  will  be  executed  far  more  speedily, 
effectually,  and  completely. 

Hence  is  deduced  the  leading  pnnciple  of  the  systenj, 
viz. :  that  the  stones  should  be  all  broken  by  hand  into 
angular  fragments  before  being  placed  on  the  road,  and 
that  no  rounded  stones  should  ever  be  introduced. 

In  the  next  place,  whenever  a  carriage-wheel,  or  horse's 
hoof,  falls  eccentrically  on  a  large  stone,  it  is  loosened 
from  its  place,  and  disturbs  the  smaller  ones  for  a  consid- 
erable distance  around  it,  thus  preventing  their  consol- 
idation. Therefore  no  large  stones  should  be  ever  em- 
ployed. 

Small  angular  stones  are  the  cardinal  requisites.  When 
of  suitable  materials  of  proper  size,  and  applied  in  ac- 
cordance with  the  directions  which  will  be  presently  given, 
ihey  will  unite  and  consolidate  into  one  mass,  almost  as 
solid  as  the  original  stone,  with  a  smooth,  hard,  and  un- 
elastic  surface. 


rT  *f  V"  "^ 
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We  will  examine  successively  the  proper  quality  of  I 

stone  lo  be  used  ;  the  size  to  which  they  should  be  bio-  I 

ken  ;  llie  manner  of  breaking  them  •  the  thickness  of  ihe  | 

coating;  the  best  method  of  applying  the  stone  ;  of  rolling  j 

the  road  ;  of  keeping  it  in  order ;  and  of  repairing  it  when  1 
in  bad  condition. 

THE    QUALITY    OF    THE    STONE. 

The  materials  employed  for  a  broken-stone  road  (often 
called  the  **  Road  metal")  should  be  at  the  same  time 
hard  and  tough.     "  Hardness  is  that  disposition  of  a  solid 
which  renders  it  difficult  to  displace  its  parts  among  them- 
selves ;  thus,  steel  is  harder  than  iron,  and  diamond  al- 
most infinitely  harder  than  any  other  substance  in  nature. 
The  toughness  of  a  solid,  or  that  quality  by  which  it  will 
endure   heavy  blows  without  breaking,  is  again  distinct 
from  hardness,  though  often  confounded  with  it.     It  con- 
sists in  a  certain  yielding  of  parts  with  a  powerful  general 
cohesion,  and  is  compatible  with  various  degrees  of  elas- 
ticity."* 

Some  geological  knowledge  is  required  to  make  a 
proper  selection  of  the  materials.  The  most  useful  are 
those  which  are  the  most  difficult  to  break  up.  Such  are 
the  basaltic  and  trajD  rocks,  particularly  those  in  which 
the  hornblende  predominates.  The  greenstones  are  very 
variable  in  quality.!  Flint  or  quartz  rocks,  and  all  pure 
silicious  materials,  are  improper  for  use,  since,  though 
hard,  they  are  brittle,  and  deficient  in  toughness.  Granite 
is  generally  bad,  being  composed  of  tiiree  heterogeneous 


•  Sir  John  Herschel.    "  Discourse  on  the  study  of  Natural  Philosophy  " 
t  The  greenstone  of  Bergen  and  Newark  mountain  (near  New  York; 
Lb  ^ood ;  that  of  the  eastern  face  of  the  Palisades  above  Weehawkmi  is 
tco  liable  to  decomposition.     (Ren wick,  Pract  Mechanics,  p.  145i) 
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materials  quartz,  felspar,  and  mica,  the  first  of  which  is 
brittle,  the  second  liable  to  decomposition,  and  the  third 
laminated.  The  sienitic  granites,  however,  which  con- 
tain hornblende  in  the  place  of  felspar,  are  good,  and  bet- 
ter in  proportion  to  their  darkness  of  color.  Gneiss  is  still 
inferior  to  granite,  and  mica-slate  wholly  inadmissible. 
The  argillaceous  slates  make  a  smooth  road,  but  one  wliich 
decays  very  rapidly  when  wet.  The  sandstones  are  toe 
soft.  The  limestones  of  the  carboniferous  and  transition 
formations  are  'very  good ;  but  other  limestones,  though 
they  will  make  a  smooth  road  very  quickly,  having  a  pe- 
culiar readiness  in  **  binding,"  are  loo  weak  for  heavy 
loads,  and  wear  out  very  rapidly.  In  wet  weather  they 
are  also  liable  to  be  slippery.  It  is  generally  better  econ- 
omy to  bring  good  materials  from  a  distance  than  to  em- 
ploy inferior  ones  obtained  close  at  hand.  Excellent 
materials  may  be  found  throughout  the  primary  districts 
of  the  United  States.  In  the  tide-water  regions,  south  of 
New  York,  boulders,  or  rolled  pebbles,  must  be  employed. 

As  the  harder  stones  cost  much  more  to  break  than  the 
softer  ones,  theMower  courses  of  the  road  may  be  formed 
of  the  latter,  and  the  former  reserved  for  covering  the 
surface,  which  has  to  resist  the  grinding  action  of  the 
wheels.* 

[n  alluvial  countries,  where  stone  is  scanty  and  wood 
plenty,  an  artificial  stone  may  be  formed  by  making  the 
clay  into  balls,  and  burning  them  till  they  are  nearly  vit- 
rified. The  slag,  or  refuse,  of  iron  furnaces,  makes  an 
excellent  material.     The  stony  or  slaty  part  of  coal  may 


*  Th'8  18  the  practice  ou  the  avenues  of  New  York ;  broken  gneiss  bo- 
mg  put  below,  and  covered  with  broken  boulders,  which  cost  three  timei* 
m  ranch  to  break 
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be  used  near  collieries.     Cubes  of  iron  have  been  im 
bedded  among  the  stones  with  sonne  ac^^antages.* 

SIZE    OF    THE    STONE. 

The  stone  should  be  broken  into  pieces,  which  are  aa 
nearly  cubical  as  possible,  (rejecting  splinters  and  slices) 
and  the  largest  of  which,  in  its  longest  dimensions,  can 
pass  through  a  ring  two  and  a  Jialf  inches  in  diameter. 
In  reducing  them  to  this  size,  there  will  of  course  Fig.  108 
be  many  smaller  stones  in  the  mass.  These  are 
the  proper  dimensions,  according  to  Telford  and 
ParnellA  Edgeworth  prefers  1^  inches.  Pen- 
fold\  names  two  inches  for  brittle  materials.  If 
smaller  they  would  crush  too  easily ;  but  on  the 
other  hand,  the  less  the  size  of  the  fragments,  the  smaller 
are  the  interstices  exposed  to  be  filled  with  water  and  mud. 
The  tougher  the  stone,  the  smaller  may  it  be  broken 
The  less  its  size,  the  sooner  will  it  make  a  hard  road ; 
and  for  roads  little  travelled,  and  over  which  only  light 
weights  pass,  the  stones  may  be  reduced  to  the  size  of 
one  inch. 

McAdam  argues, that  the  size  of  the  stone  used  on  a  road 
must  be  in  due  proportion  to  the  space  occupied  on  a  smooth 
level  surface,  by  a  wheel  of  ordinary  dimensions  ;  and,  as  it 
has  about  an  inch  of  contact  longitudinally,  therefore  every 
stone  in  a  road  exceeding  one  inch  in  diameter,  is  mischievous ; 
for  the  one-sided  bearing  of  the  wheel  on  a  larger  stone  will 
tend  to  turn  it  over  and  to  loosen  the  neighboring  materials. 
But  this  argument  proves  too  much  ;  for  however  small  the 
stone  is,  there  must  be  a  moment,  just  as  the  wheel  is  leaving 
it,  when  the  pressure  is  one-sided,  and  therefore  tends  to  over- 
turn  it.     Subsequently  McAdam  preferred   the   standard  of 


•  Parnell,  p.  245.  t  Ibid.  p.  133  X  Pages  14,  15 
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weight  to  that  of  size,  and  made  six  ounces  the  maximum, 
(corresponding  for  average  materials  to  cubes  of  1  j  inches,  or 
S|  inches  in  their  longest  diagonal)  directing  his  OYorseers  to 
carry  a  pair  of  scales  and  a  6-oz.  weight,  with  which  to  try 
the  largest  stones  in  a  pile.  The  weight  standard  has  the  ad- 
vantage, that  the  stones  are  smaller  as  they  increase  in  8peci« 
He  gravity,  to  which  the  hardness  is  generally  proportional. 
He  subsequently  says  that  he  had  "  not  allowed  any  stone 
above  three  ounces  in  weight  (equal  to  cubes  of  1|  inches,  or 
S  inches  in  their  longest  diagonal)  to  be  put  on  the  Bath  and 
Bristol  roads  for  the  last  three  years,  and  found  the  benefit  in 
the  smoothness  and  durability  of  the  work  as  well  as  economy 
of  repairs."*  On  examining  old  roads  he  found  that  the^  aver- 
age size  of  the  stones  varied  from  seven  to  twenty-seven  ounces 
in  weight,  and  that  *'  the  state  of  disrepair  and  the  amount 
of  expense  on  the  several  roads  was  in  a  pretty  exact  propor- 
tion to  the  size  of  the  material  used.'^f  The  French  engineers 
▼alue  uniformity  of  size  much  less  than  McAdam,  and  call  it 
**  rather  an  evil  than  a  good."     They  therefore  use  equally  all 

sizes  from  1^  inches  to  dust.;( 

Fig.  109. 


BREAKING    THE    STONE. 


The  weight  and  shape  of  the  hammer, 
and  the  manner  of  using  it,  are  of  much 
importance,  making  a  difference  of  at  least 
10  per  cent.  The  head  of  the  hammer 
should  be  six  inches  long,  and  weigh  about 
one  pound ;  and  the  handle  be  tough  and 
flexible,  and  3  feet  long,  if  used  standing, 
or  18  inches,  if  used  sitting,  which  is  belter. 
The  laborer  sits  before  the  pile,  and  breaks 
the  stones  on  it,  or  on  a  large  concave  stone 
as  an  anvil,  on  which  the  stones  to  be  bro- 


<  Letter  of  1834,  In  Am.  Railroad  Journal,  Jan.  10, 1835. 
t  SfBtam  of  Roadmokiug,  1835.  X  GayfBer,  p.  dOl. 


190         IMPROVEMENT  OF  THE  SURFACE. 

way  from  the  centre.  Its  drainage  should  be  made  verj 
thorough,  by  deep  and  capacious  ditches,  sloping  not  less 
than  1  in  125,*  in  accordance  with  the  minimum  road 
slope.  Drainage  alone  will  often  change  a  bad  road  to  a 
good  one,  and  without  it  no  permanent  improvement  can 
be  effected.  Trees  should  be  removed  from  the  borders  of 
the  road,  as  intercepting  the  sun  and  wind  from  its  surface. 

If  the  soil  be  a  loose  sand,  a  coating  of  six  inches  of 
clay  carted  upon  it,  will  be  the  most  effective  and  the 
cheapest  way  of  improving  it,  if  the  clay  can  be  obtained 
within  a  moderate  distance.  Only  one-half  the  width 
need  be  covered  with  the  clay,  thus  forming  a  road  for  the 
summer  travel,  leaving  the  other  sandy  portion  untouched, 
to  serve  for  the  travel  in  the  rainy  season. 

If  tiie  soil  be  an  adhesive  clay,  the  application  of  sand 
in  a  similar  manner  will  produce  equally  beneficial  results. 
On  a  steep  hill  these  improvements  will  be  particularl} 
valuable. 

When  the  road  is  worn  down  into  hollows,  and  requires 
a  supply  of  new  material,  its  selection  should  be  made 
with  great  care,  so  that  it  may  be  as  gravelly  as  possible, 
and  entirely  free  from  vegetable  earth,  muck,  or  mould 
J\o  sod  or  turf  should  ever  be  allowed  to  come  upon  the 
road,  to  fill  a  hole  or  rut,  or  in  any  other  way  ;  for,  though 
•at  first  deceptively  tough,  they  soon  decay,  and  form  the 
softest  mud.  Nor  should  the  roadmaker  run  into  the  other 
extreme,  and  fill  up  the  ruts  and  holes  with  stones,  which 
will  not  wear  uniformly  with  the  rest  of  the  road,  but  will 
produce  hard  bumps  and  ridges.  The  plough  and  the 
.scraper  should  never  be  used  in  repairing  a  road.  Their 
work  is  large  in  quantity,  but  very  bad  in  quality.     The 


*  See  pagro  54. 
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plough  breaks  up  the  compact  surface,  which  time  and 
travel  had  made  tolerable ;  and  the  scraper  drags  upon 
the  road  from  the  side  ditches  the  soft  and  alluvial  maitei 
which  the  rains  had  removed,  but  which  this  implemenl 
obstinately  returns  to  the  road. 

A  very  good  substitute  for  the  scraper,  in  levelling  the 
surface  of  the  road,  clearing  it  of  stones,  and  filling  up 
the  ruts,  consists  of  a  stick  of  timber,  shod  with  iron,  and 
attached  to  its  tongue  or  neap  obHquely,  so  that  it  is  drawn 
over  the  road  **  quartering,"  and  throws  all  obstructions 
to  one  side.  The  stick  may  be  six  feet  long,  a  foot  wide, 
and  six  inches  thick,  and  have  secured  to  its  front  side  a 
bar  of  iron  descending  half  an  inch  below  the  wood. 

Every  hole  or  rut  in  a  road  should  be  at  once  filled  up 
with  good  materials,  for  the  wheels  fall  into  them  like 
hammers,  deepening  them  at  each  stroke,  and  thus  in- 
creasing the  destructive  effect  of  the  next  wheel. 

EFFECT    OF    WHEELS    ON    THE    SURFACE. 

The  effects  of  broad  and  narrow  wheels  upon  roads 
have  been  much  discussed,  and  many  laws  enacted  to 
encourage  the  use  of  the  former.  Upon  a  hard  and  well- 
made  road,  (such  as  one  of  broken  stone)  there  is  little 
difference  between  them,  but  on  a  common  earth  road, 
narrow  wheels,  supporting  heavy  weights,  exercise  a  very 
destructive  cutting  and  ploughing  action.  This  dimin- 
ishes as  the  width  of  the  felloe  increases,  which  it  may 
do  to  such  an  extent,  that  the  wheel  acts  as  a  roller  in  im- 
proving, instead  of  injuring,  the  surface.  For  these  rea 
sons  the  New  York  turnpike  law  enacts  that  carriages, 
having  wheels  of  which  the  tire  or  track  is  six  inches 
wide,  shall  pay  only   half  the  usual  tolls ;    those  with 

wheels  nine  inches  wide,  only  one-fourth  ;  and  that  those 

13  * 
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with  twelve  inches  sliall  pay  none  at  all.  The  proportions 
a^ree  precisely  with  those  deduced  from  observation  by 
an  experienced  English  roadmaker.*  The  felloe  should 
have  a  fl;»t  bearing  surface  and  not  a  rounded  one.  The 
benefi*.s  of  broad  wheels  are  sonnetimes  destroyed  by  over- 
leading  them.  To  prevent  this,  when  tolls  are  collected, 
ihe)  should  be  increased,  for  each  additional  horse,  more 
rapidly  than  the  direct  proportion  ;  thus,  if  one  horse  paid 
3  cents,  two  should  pay  1 1,  three  17,  &c.  Narrow  wheels 
are  particularly  injurious  when  in  rapid  motion,  for  having 
less  resistance  and  greater  velocity  than  others,  they  re- 
volve less  perfectly,  and  drag  more,  thus  producing  the 
worst  sort  of  effect.  Conical  wheels,  of  which  the  innei 
is  greater  than  the  outer  circumference,  tend  to  move  in 
a  curve,  and  being  forced  to  proceed  in  a  right  line,  exert 
a  peculiarly  destructive  grinding  action  on  the  road.  On 
McAdam  roads,  horses'  feet  exercise  a  more  destructive 
effect  than  the  wheels  of  vehicles.  It  has  been  calcula- 
ledt  that  a  set  of  tires  would  run  2700  miles  in  average 
weather,  but  that  a  set  of  horses'  shoes  would  bear  only 
200  milcb  of  travel 4 


*  Penfolcl,  p.  22.  t  Gordon  on  Locomotion.      ' 

+  Tlie  impel  r'ect  surface  of  an  earth  road  makes  it  doubly  important 
to  take  every  precaution  to  lessen  tlie  friction  of  veliicles  upon  it.  The 
resistance  decreases  as  the  breadth  of  the  tire  increases,  on  compressible 
roads,  as  earth,  sand,  gravel,  &c. ;  while  on  paved  and  brt>ken-stoue  roads, 
the  resistance  is  nearly  independent  of  the  breadth  of  the  tire.*  Cylin- 
driral  wheels  also  cause  less  friction  than  conical  ones.  The  larger  the 
wheel?  the  less  friction  have  they,  and  the  greater  power  of  leverage  iu 
ov»^rcoming  obstacles.  The  fore-wheels  should  be  as  large  as  the  hind  ones, 
were  it  not  for  convenience  of  turning.  The  axles  should  be  straigktt 
and  not  bent  downward  at  the  end,  which  increases  the  friction,  though 
it  haK  the  advantage  of  throwing  the  mud  away  from  the  carriage.  TJic 
Jjead  slioiild  be  placed  on  ihe  hind  wheels  rather  than  on  tlie  fore  oif« 

♦  Morin   p.  335» 
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2.  GRAVEL  ROADS.* 

The  roundness  of  the  pebbles,  which  form  the  chief 
part  of  gravel,  whether  from  rivers  or  pits,  prevents  them 
from  perfectly  consolidating,  except  under  much  travel ; 
but  still  a  gravel  road,  properly  rnade,  is  far  superior  to 
one  of  common  earth.  Gravel  from  the  shores  of  rivers 
is  too  clean  for  this  object,  and  does  not  contain  enough 
earthy  mailer  to  unite  and  bind  together  its  pebbles,  wliicli 
are  too  perfectly  water-worn,  and  freed  from  asperities. 
On  the  other  hand,  gravel  dug  from  the  earth  contains  too 
much  earth,  which  must  be  sifted  from  it  before  use.  Two 
sieves  should  be  provided,  through  which  the  gravel  is  to 
be  thrown.  One  should  have  wires,  an  inch  and  a  half 
or  two  inches  apart,  so  that  all  pebbles  above  that  size 
may  be  rejected.  The  other  should  have  spaces  of  three 
quarters  of  an  inch,  and  the  material  which  passes  through 
it  should  be  thrown  away,  or  employed  for  foot-paths. 
The  expense  of  sifting  will  be  more  than  repaid  by  the 
superior  condition  of  the  road  formed  by  the  purified  ma- 
terial, and  the  diminution  of  labor  in  keeping  it  in  order. 

The  road-bed  should  be  well  shaped  and  drained.  If 
it  is  rock,  all  projecting  points  should  be  broken  off,  and 
a  layer  of  earth,  a  foot  thick,  should  be  interposed,  or  the 
gravel  will  wear  away  much  more  rapidly,  and  consoh- 
date  much  more  slowly. 


Long  and  pliant  spnngs  greatly  lessen  the  shock  of  passing  over  obsta- 
cles, and  their  advantage  has  been  stated  to  be  equal  to  one  horse  in  fou' 
The  line  of  draught  should  ascend  at  an  angle  of  15  degrees,  so  that 
whnu  the  horse  leans  forward  in  pullingi  his  force  will  be  exerted  neurlv 
norizoutaily 
*  Panicll,  p^  170.    Ponfold  p.  13.     A.mer.  Railroad  Joiirual,  vol.  il  p.  4 
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A  coating  oi  four  inches  of  gravel  should  be  spread 
over  the  road-bed,  and  vehicles  allowed  to  pass  oyer  it 
111  it  becomes  tolerably  firm,  and  is  nearly,  but  not  en« 
tirely,  consolidated ;  men  being  stationed  to  continually 
rake  in  the  ruts,  as  fast  as  they  appear.     A  second  coal* 
ing  of  3  or  4  inches  should  then  be  added  and  treated  like 
the  first ;  and  finally  a  third  coating.    A  very  heavy  roller 
drawn  over  the  road  will  hasten  its  consolidation.    Wet 
weather  is  the  most  favorable  time  for  adding  new  ma 
terials. 

A  very  erroneous  practice  is  that  of  putting  the  larger 
gravel  at  the  bottom,  and  the  smaller  at  the  surface  ;  for, 
from  the  effects  of  the  frost,  and  of  the  vibration  of  car- 
riages, the  larger  stones  will  rise  to  the  surface  and  the 
smaller  ones  descend,  like  the  materials  in  a  shaken  sieve, 
and  the  road  will  never  become  firm  and  smooth. 

3.  BROEEN-STONE  ROADS. 

Broken-Stone  roads  have  been  the  subjects  of  violent 
partisanship  on  many  disputed  points,  and  the  most  im- 
portant of  these  questions  relates  to  the  propriety  or  ne- 
cessity of  a  paved  foundation  beneath  the  coating  of  bro- 
ken stones.  McAdam  warmly  denies  the  advantages  of 
this,  while  Telford  supports  and  practises  it.  Broken- 
stone  roads  may  therefore  be  conveniently  divided  mto 
McAdam  roads  and  Telford  roads, 

McADAM  ROAIiS. 

Mr.  McAdam,  who  first  brought  into  general  use  m 
England  roads  of  broken  stone,  and  from  whom  they  de- 
rive their  popular  name,  is  said*  to  have  deduced  Uie 

*  Millint(ton,  p.  234. 
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leading  pnnciples  of  his  improved  system  trom  his  obser- 
vation of  the  passage  of  a  heavy  vehicle,  such  as  a  loaded 
stage-coach,  over  a  newly-formed  gravel  road.  The  wheels 
sink  in  to  a  considerable  depth,  and  plough  up  the  road, 
in  consequence  of  the  roundness  of  the  pebbles,  which 
renders  them  easily  displaced.  Hence  ensues  great  fric- 
tion against  the  wheels  ;  which,  moreover,  are  always  in 
hollows  with  little  hills  of  pebbles  in  front  of  them,  which 
they  must  roll  over  or  push  aside.  The  evil  continues, 
until  at  last,  after  long-repeated  passages  of  heavy  vehi- 
cles, the  pebbles  have  become  broken  into  angular  frag- 
ments, which  finally  form  a  compact  mass. 

But  since  this  is  so  desirable  a  consummation,  the  task 
of  breaking  the  stones  ought  not  to  be  imposed  on  the 
carriages,  but  should  be  performed  in  advance  by  manual 
labor,  by  which  it  will  be  executed  far  more  speedily, 
effectually,  and  completely. 

Hence  is  deduced  the  leading  pnnciple  of  the  system, 
viz. :  that  the  stones  should  be  all  broken  by  hand  into 
angular  fragments  before  being  placed  on  the  road,  and 
that  no  rounded  stones  should  ever  be  introduced. 

In  the  next  place,  whenever  a  carriage-wheel,  or  horse's 
hoof,  falls  eccentrically  on  a  large  stone,  it  is  loosened 
from  its  place,  and  disturbs  the  smaller  ones  for  a  consid- 
erable distance  around  it,  thus  preventing  their  consol- 
idation. Therefore  no  large  stones  should  be  ever  em- 
ployed. 

Small  angular  stones  are  the  cardinal  requisites.  When 
of  suitable  materials  of  proper  size,  and  applied  in  ac- 
cordance with  the  directions  which  will  be  presently  given, 
ihey  will  unite  and  consolidate  into  one  mass,  almost  as 
8olid  as  the  original  stone,  with  a  smooth,  hard,  and  un- 
elastic  surface. 


*i'-^«==5'. 
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a  permanent  corps  of  laborers.  Supposing  the  road  to  be 
already  in  good  condition  ;  that  is,  in  proper  shape,  &nd 
free  from  holes,  ruts,  mud,  and  dust ;  to  keep  it  so,  re- 
quires two  fundamental  operations : 

1.  The  continual  removal  of  the  daily  wear  of  the  ma] 
tcrials,  whether  in  the  shape  of  mud  or  of  dust ; 

2.  The   employment    of   malejrials   to   replace   those 
removed. 

The  first  operation  requires  hoes  and  brooms.    The 
hoes  should  be  three  feet  long,  and  of  wood,  as  iron  ones 
would  be  more  likely  to  loosen  the  stones.     The  lighter 
dust  and  more  hquid  mud   must  be   swept  off  by  birch 
brooms.     The  detritus  between  the  little  projections  ot 
the  stones  should  not  be  removed  by  too  thorough  sweep- 
ing,  as    it  protects  them  from  immediate  crushing,  and 
preserves  their  stability.     The  broom  is  also  necessary  to 
remove  every  trace   of  wheels,   the  moment  they  have 
passed,  so   as  to  oppose  that  habit  or  instinct  of  horses 
which  leads  them  to  follow  in  the  track  of  the  preceding 
vehicle,  and  which  would  soon  convert  unremoved  tracks 
into  ruts.      The  broom  and  hoe  have  then  a  double  end 
to  be  accomplished  by  the  same  operation,  viz.,  effacing 
tracks  and  removing  detritus.    Very  effective  raachmes  have 
also  been  constructed  for  accomplishing  these  purposes.* 

The  second  operation  of  applying  new  materials  de- 
mands several  precautions.  To  prevent  a  weak  place 
from  being  neglected  because  the  materials  are  not  at 
hand,  they  should  be  kept  in  depots,  never  more  than  a 
quarter  of  a  mile  apart,  and  carried  the;ice  in  barrows. 
They  should  be  appHed  after  a  rain,  as  then  they  will 
more  easily  unite,  and  no  coat,  thicker  than  one  stono 


*  RoadH  and  Railroads,  p.  9'. 
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should  ever  be  applied  at  any  one  time.  A  cubic  yard  to 
a  superficial  rod  will  be  quite  enough  at  once.  They  will 
then  soon  become  incorporated  without  having  their  angles 
worn  out  by  motion,  and  will  be  of  as  much  service  as 
double  the  thickness  applied  at  once.  To  avoid  retarding 
the  travel  and  increasing  the  draught  too  much,  a  new 
coat  should  not  be  put  on  any  continuous  space  larger 
than  six  or  seven  square  yards.  If  several  depressions 
are  found  very  near  each  other,  cover  the  worst,  and  at 
tend  to  the  next  after  the  first  has  become  solid.  The 
ruts  which  are  formed  should  not  be  filled  with  loose 
stone,  for  this  would  make  longitudinal  ridges  of  harder 
material,  but  "  the  laborer  should  work  the  rake  back- 
wards and  forwards  on  each  side  of  the  rut  and  across  it ; 
and  if  he  do  it  with  his  eyes  shut,  he  will  do  more  good, 
than  by  taking  pains  to  gather  all  the  stones  he  can  find  to 
place  in  it."* 

The  number  of  men  required  by  this  system  ot  con 
stant  watchfulness  may  at  first  seem  an  objection  to  it, 
but  the  expense  .will  be  amply  repaid  by  the  advantages 
obtained.  Each  laborer  should  have  a  certain  length  of 
he  road  assigned  to  his  especial  care,  and  the  most  intel- 
ligent and  trustworthy  among  them  should  be  made 
inspectors  over  the  others  for  a  certain  distance.  At 
times  unfavorable  for  work  on  the  road,  they  should  be 
employed  in  breaking  stone.  The  labor  of  one  man  will 
keep  in  repair  three  miles  of  well-made  and  well-drained 
road,  for  the  first  two  years  after  its  formation,  and  four 
miles  for  the  next  two  years,  by  constantly  spreading 
loose  stones  in  the  hollows,  raking  them  from  the  middle 
to  the  sides,  opening  the  ditches,  &c.     In  the  fifth  year 


»  Peufold,  p.  20 
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Bomc  repairs,  "  with  lifting,"  may  be  necessary,  as  ex- 
plained under  the  next  head.* 

It  will  be  seen  by  Morin's  table,  on  page  63,  that  the 
friction  or  resistance  to  draught  on  a  road  with  deep  nits 
and  thick  mud,  is  four  times  as  great  as  on  one  in  good 
order.  This  shows  the  importance  of  very  perfectly 
'*  keeping  up"  the  road.  An  incidental  advantage  is  that 
the  prompt  removal  of  the  mud  after  every  shower  will 
prevent  the  annoyance  of  dust,  so  general  an  objection  to 
McAdam  roads,  but  not  at  all  their  necessary  concom 
itant. 

Where  the  materials  of  the  road  are  very  brittle  stone, 
they  wear  away  very  rapidly  in  dry  weather,  and  their 
consumption  may  be  much  lessened  by  watering  the  road 
judiciously  ;  not  so  little,  as  to  form  a  crust  which  adheres 
to  the  wheel,  nor  so  much  as  to  make  the  draught  heavy. 
A  moderate  use  of  the  watering  cart  preserves  the  mate- 
rials from  pulverization,  and  keeps  them  settled  in  their 
places,  at  the  same  lime  that  the  comfort  of  the  traveller 
is  greatly  enhanced.  This  is  particularly  necessary  on 
roads  in  this  country  during  our  hot  and  dry  summers ; 
for  after  a  long  drought  the  crust  of  the  road  eometimes 
becomes  so  dried  out  that  it  ceases  to  "  bind,"  and  per- 
mits loose  stones  to  be  detached  from  it,  to  the  great 
injury  of  the  surface.  An  excess  of  moisture  must,  how- 
ever, be  avoided,  since  it  increases  the  grinding  power  of 
ihe  pulverized  stones,  as  marble  is  sawn  and  jewels  are 
z\ii  with  their  own  powder  combined  with  water. 

The  question  may  arise,  whether  the  materials  thus 
gradually  added  to  the  road,  for  alimentation  rather  than 
reparation,  are  sufficient  to  make  up  for  its  annual  loss, 

*  See  Am.  Railroad  Journal,  March  13,  1847. 
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and  diminution  of  depth,  which  is  too  small  for  direct 
measurement.  Experiments  upon  this  point  indicate  thai 
the  amount  of  materials  annually  consumed,  and  therefore 
to  be  replaced,  is  one  cubic  yard  per  mile*  for  each  "  col- 
lar," or  beast  of  burden  passing  over  it.  Others  consider 
it  only  two-thirds  of  a  cubic  yard.f 

REPAIRING    A    ROAD. 

A  road  properly  kept  up  by  daily  attention,  needs  no 
repairs ;  but  if  it  be  put  in  order  only  at  intervals,  the 
injuries  to  it,  which  have  been  increasing  in  geometrical 
progression,  will  render  very  serious  repairs  necessary. 
It  will  be  found  cut  into  ruts,  deep  holes,  and  irregular 
projections  ;  and  often  loWer  in  the  middle  than  at  the 
sides.  It  must  be  put  into  shape,  and  restored  to  its 
proper  cross-section,  by  cutting  down  the  sides,  and  filling 
up  the  middle  part.  Only  a  single  thin  coat  of  stone 
should  be  applied  at  a  time, — not  more  than  a  cubic  yard 
to  a  rod  superficial.  The  surface  of  the  old  road  may  be 
lightly  picked  up,  or  **  lifted,"  (with  strong  short  picks) 
merely  burying  the  point  of  the  pick  one  or  two  inches 
deep,  so  that  the  new  materials  may  be  more  readily 
united  to  the  old  ones.  This  is  especially  i^ecessary  on 
declivities,  to  prevent  the  stones  rolling  down  the  slope. 

When  the  road  to  be  repaired  is  one  which  had  been 
originally  formed  of  large  stones,  and  of  superfluous 
thickness,  no  new  materials  should  be  brought  upon  it, 
but  the  old  stones  should  be  loosened  with  picks,  gathered 
by  strong  rakes  to  the  side  of  the  road,  and  there  broken 
to  the  proper  size.  The  surface  of  the  road  having  been 
put  in  proper  shape,  the  broken  stones  are  to  be  returned 


*  DuruiR,  Annales  des  Fonts  et  Chausees,  1842       t  Gayffier,  p  ^2. 
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to  it,  being  scattered  uniformly  and  thinly  over  the  sur- 
face. Only  a  small  space  of  road  should  be  thus  broken 
up  at  once,  say  six  or  eight  feet  in  length,  but  the  whole 
width.  The  old  plan  of  repairing  would  be  to  fill  up  the 
holes  with  an  additional  supply  of  the  same  large  mate 
rials  ;  but  the  method  here  recommended  makes  more 
work  for  men  and  less  for  horses,  and  produces  a  great 
saving  in  expense. 

The  best  season  for  repairing  broken-stone  roads  is  in 
the  spring  or  early  summer,  when  the  weather  is  neither 
very  wet  nor  very  dry,  for  either  of  these  extremes  pre 
vents  the  materials  from  consolidating,  and  therefore  pro- 
duces either  a  heavy  or  a  dusty  road.  If  made  at  this 
season,  the  roads  are  left  in  a  good  stale  for  the  summer, 
and  become  consolidated  and  hard,  so  as  to  be  in  a  condi 
tion  to  resist  the  work  of  the  ensuing  winter.* 

TELFORD  ROADS. 

This  name  may  be  given  to  the  roads  of  broken  stone 
which  rest  on  a  peculiar  pavement,  as  constructed  by  Tel- 
ford, on  the  Holyhead  road  and  elsewhere,  and  of  which 
he  has  given  the  following  specification  for  a  width  of 
thirty  feet.     Fig.  110  is  a  section  of  the  carriage-way  of 

such  a  road. 

Fig.  110. 


Upon  the  level  bedt  prepared  for  the  road  materials 


*  James  Walker. 

t  A  bed  with  the  same  cross-sectiou  as  the  final  road,  would  certainly 
oe  preferable,  to  ensure  drainage.    The  pavement  would  then  require  tob 
of  the  «ime  depth  at  centre  and  sides. 
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a  bottom  course  or  layer  of  stones  is  to  be  sei  by  li«ind  in 
the  form  of  a  close,  firm  pavement.  The  stones  set  in 
llie  middle  of  the  road  are  to  be  seven  inches  in  depth ; 
at  nine  feet  from  the  centre,  five  inches  ;  at  twelve  from 
the  centre,  four  inches ;  and  at  fifteen  feet,  three  inches.* 
They  are  to  be  set  on  their  broadest  edges  and  lengthwise 
across  the  road,  and  the  breadlli  of  the  upper  edge  is  not 
to  exceed  four  inches  in  any  case.  All  the  irregularities 
of  the  upper  part  of  the  said  pavement  are  to  be  broken 
off  by  the  hammer,  and  all  the  interstices  to  be  filled  with 
stone  chips,  firmly  wedged  or  packed  by  hand  with  a  light 
hammer,  so  that  when  the  whole  pavement  is  finished, 
there  shall  be  a  convexity  of  four  inches  in  the  breadth  ot 
fifteen  feet  from  the  centre. 

"  The  middle  eighteen  feet  of  pavement  is  to  be  coated 
with  hard  stones  to  the  depth  of  six  inches.  Four  of  these 
six  inches  are  to  be  first  put  on  and  worked  in  by  car- 
riages and  horses ;  care  being  taken  to  rake  in  the  ruts 
until  the  surface  becomes  firm  and  consolidated,  after 
which  the  remaining  two  inches  are  to  be  put  on.  The 
whole  of  this  stone  is  to  be  broken  into  pieces  as  nearly 
cubical  as  possible,  so  that  the  largest  piece,  in  its  longest 
dimensions,  may  pass  through  a  ring  of  two  inches  and  a 
half  inside  diameter. 

"  The  paved  spaces,  on  each  side  of  the  eighteen  middle 
feet,  are  to  be  coated  with  broken  stones,  or  well  cleansed, 
strong  gravel,  up  to  the  footpath  or  other  boundary  of  the 
road,  so  as  to  make  the  whole  convexity  of  the  road  six 
inches  from  the  centre  to  the  sides  of  it.  The  whole  of 
the  materials  are  to  be  covered  with  a  binding  of  an  inch 


*  The  cnnred  soction  thus  obtained,  has  been  Rhown,  on  page  50,  to  be 
Uiftriof  to  plane  dopes  on  each  side  of  the  centre 
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and  a  half  in  depth,  of  good   gravel,  free  from  clay  of 

earlh."» 

The  propriety  of  this  foundation,  (*^  Bottoming,*'  or 
**  Pitching'^)  has  been  the  subject  of  earnest  controversy 
between  the  partisans  of  McAdam  and  those  of  Telford. 
The  following  are  the  defects  imputed  to  a  road  of  broken 
stones,  laid  on  earth,  (especiallv  clay)  without  any  foun- 
dation. 

The  weight  of  vehicles  forces  the  lower  stones  into  the 
earth,  which  rises  up  into  the  interstices  and  forms  a  mix- 
ture of  earth  and  stones  which  will  always  be  loose  and 
open,  and  never  consolidate  into  a  compact  mass.  In  win- 
ter the  water,  which  will  penetrate,  is  frozen  and  breaks 
up  the  road.  After  a  thaw  and  in  wet  weather,  the  road 
is  a  quagmire,  the  wheels  cut  deeply  into  it,  and  some 
times  through  the  entire  thickness,  so  that  it  resembles  a 
ploughed  field.  At  the  best,  after  a  rain  the  semi-fluid 
soil  will  rise  up  to  the  surface  and  form  a  coat  of  mud ; 
and  after  a  drought  the  looseness  of  the  stones  will  make 
them  rub  off  their  angles  and  soon  wear  out.  Nor  will 
any  thickness  of  broken  stones  thoroughly  destroy  the  elas- 
ticity of  the  soil,  the  evils  of  which  were  shown  on  page  58 

McAdam  maintains  that  thorough  draining  will  prevent 
all  these  evils,  but  Telford  thinks  that  they  can  be  re- 
moved only  by  the  **  bottoming,"  for  which  he  claims  the 
following  advantages. 

Roads,  being  in  fact  artificial  structures,  which  have  to 
sustain  great  weights  and  violent  percussion,  the  first  object 
must  be  to  obtain  a  permanently  firm  and  stable  foundation. 

This  is  effected  by  the  plan  of  "  bottoming  ;"  for  by  it 
the  pressure  of  the  wheels  is  distributed  over  a  large 


»  Paraell,  pp.  133-4. 
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space.  Suppose  that  ihe  wheel  touches  and  presses  on  a 
surface  of  2  square  inches.  This  pressure  is  carried  to 
the  foundation  stones,  which  rest  at  their  bottom  on  a  broad 
surface,  averaging  10  by  5  inches,  or  50  square  inches, 
so  that  each  square  inch  of  the  soil  receives  only  one- 
twenty-fifth  part  of  the  surface  pressure,  and  there  is 
therefore  no  danger  of  the  pavement  stones  being  pressed 
into  it,  nor  of  the  soil  being  forced  to  ooze  up  between 
them.  On  a  new  embankment  of  soft  earth  it  is  best  to 
lay  brush  or  furze,  and  place  the  pavement  upon  this. 

The  advantages  of  this  system  are  most  striking  when 
the  natural  soil  is  retentive  of  moisture,  as  when  it  is  clay. 
The  pavement  then  acts  as  an  under-drain  to  carry  off  the 
water  which  may  find  its  way  through  the  broken-stone 
surface.  Even  on  a  rock  this  pavement  may  be  laid  with 
advantage,  to  form  a  clear  floor. 

When  the  stones  are  properly  set,  and  wedged  with  the 
stone  chippings,  they  will  never  rise  to  the  surface.*  To 
avoid  disturbing  them,  the  carts  which  bring  the  broken 
stone  must  not  be  allowed  to  pass  over  the  foundation. 

From  the  moment  that  a  road  thus  made  begins  to  be 
used,  it  becomes  daily  harder  and  smoother.  The  strength 
of  the  resulting  surface  admits  of  carriages  being  drawn 
over  it  with  the  least  possible  distress  to  horses.  Tlie 
broken  stones  being  on  an  immoveable  dry  bed,  do  not 

*  Large  stoues,  placed  under  a  road  and  not  thus  wedded  down,  will 
invariably  work  up  to  the  surface.  Thus,  over  Brcslington  Common, 
England,  the  whole  of  the  original  soil  had  been  covered  at  great  ex- 
pen:»e  with  large  flag-stones,  and  the  road-covering  laid  u\)oa  them.  Tiieir 
motion  kept  the  surface  in  a  loose,  open  state,  till,  on  the  road  being  dug 
open,  they  were  found  almost  entirely  turned  vpon  their  edges,  having 
been  acting  with  the  force  of  levers  upon  the  road,  which  they  had  made 
to  crack  and  sink,  without  the  lause  at  such  a  depth  being  suspected. — 
McAdam- 
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mix  with  the  soil,  and  become  perfectly  united  togeiha 
into  one  solid  maxs. 

Tlie  parts  of  the  Holyliead  road  formed  with  such  i 
foundation,  were  unaffected  by  a  seriea  of  unusually  «- 
vcre  frosts,  followed  by  thaws  and  heavy  rains,  while  ihe 
parts  of  it  diffurenlly  made,  and  other  roads  in  llie  Qcigh 
borhood,  were  broken  up,  and  ■'  became  as  bad  as  a 
bog."" 

A  road  thus  constructed  will  in  most  cases  cost  iess 
than  one  entirely  of  broken  stone ;  for  the  course  of  foun- 
dation-slones  may  be  of  any  cheap  and  inferior  stone,  as  ■ 
aand-slone,  &.c.,  which  will  bear  weight,  and  not  be  lie 
composed  by  the  atmosphere,  but  which  would  not  bo 
sufficiently  hard  and  lough  for  the  broken-stone  covering. 
The  cost  of  hammering  and  selling  this  pavement  will  be 
less  than  thai  of  breaking  up  an  sqiial  muaa,  and  tlis  loi^ 
amount  of  atone  employed  will  be  no  more  than  would 
have  been  required  for  a  road  entirely  of  broken  stone. 

But  even  if  such  a  road  cost  more  at  first,  it  would  be 
cheaper  in  the  end;  for,  beside  the  saving  of  draught, 
slones  laid  on  such  a  pavement  last  much  longer  than 
those  laid  on  earih,  two  courses  of  the  former  outlasting 
three  of  the  latter.  The  expense  of  scraping  is  leaaened 
in  ihe  same  or  even  a  greater  proportion. 

On  the  other  hand,  it  is  objected  that,  between  the  wheel 
above  and  the  foundation-stone  beneath,  the  broken  stone 
will  be  in  a  situation  like  that  of  the  grain  between  two 
millstones,  and  must  therefore  be  more  rapidly  ground  '.a 
powder  than  if  on  a  soft  bottom. t  Bui  this  will  be  pre- 
vented by  using  harder  stone  for  the  surface  than  for  the 
foundation. 

■  TittanI     Finl  Report  an  Holyhe&d  raada.  t  F 
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McAdam  also  maintains  that  the  materials  last  loiigei 
on  a  soft  and  elastic  bottom  than  on  a  hard  one ;  and  in- 
stances a  road  in  Somersetshire,  where  a  part  of  it  is 
"  over  a  morass  so  extremely  soft  that  when  you  ride  in 
a  carriage  along  the  road,  you  see  the  water  tremble  in 
the  ditches  on  each  side,"  and  is  succeeded  by  a  bottom 
of  limestone  rock,  continuing  for  five  or  six  miles.  An 
exact  account  of  the  expenditure  on  each  having  been  kept, 
it  was  found  that  the  cost  of  keeping  up  the  soft  was  to 
that  of  the  hard  only  as  five  to  seven  ;  i.  e.  five  ions  of 
stone  on  the  former  would  last  as  long  as  seven  on  the 
latter.  But  this  seems  an  exceptional  case,  being  con- 
trary to  all  other  experience.  Sir  John  Macneill  testifies 
very  strongly  that  the  annual  saving  of  a  paved  bottom 
will  be  one-third  of  the  expense  in  any  case,  and  that  if 
the  diminished  amount  of  horse  labor  were  considered,  it 
would  be  very  considerably  more  than  that.* 

An  artificial  substitute  for  a  pavement  foundation,  consist- 
ing of  a  concrete,  or  composition  of  Roman  cement  and  gravel, 
has  been  employed  with  great  success  on  a  wet  and  elastic 
soil,  where  every  thing  else  had  failed,  and  where  stones  for 
bottoming  would  have  been  very  expensive.  The  locality  was 
the  Highgate  Archway  Road  near  London,  in  a  deep  cutting 
between  two  high  banks  of  clay,  where  the  soil  was  surcharged 
with  water.  Many  attempts  at  draining  had  been  made,  and 
a  g^eat  thickness  of  broken  stone  had  been  used,  and  subse- 
quently relaid  on  furze  and  pieces  of  waste  tin.  But  the  stone 
mixed  with  the  wet  clay,  and  rapidly  wore  away,  becoming 
round  and  smooth,  without  ever  consolidating,  and  the  road 
was  almost  impassable.  The  Parliamentary  Commissioners 
finally  took  charge  of  it,  and  Sir  John  Macneill  succeeded  in 
making  a  perfect  load.  Four  longitudinal  drains  were  made 
the  whole  length  of  the  road,  cross  drains  at  every  90  feet,  and 


•  Pamell,  p.  163. 


inlermediate  smiill  drains  at  etcty  30  feet  under  Ihe  ramenL' 
On  the  prepareJ  cenire,  or  eighieen  feet  in  widtJi,  aJler  it  bid 
been  properly  levelled,  was  put  a  lajer,  six  inclies  ihiek,  of 
llie  concrele,  furnied  of  one  purt  tif  Hainan  cement,  ode  al 
sand,  and  &iglit  of  sicmes.  Tlie  sand  and  cemeni  were  miied 
dry  in  a  largi>  ilialluw  Irough  :  llie  eravel  was  added  ;  u  liule 
water  as  possible  was  used  :  and  llie  whule  mixtuie  vsb  tbeti 
cast  upon  tho  ground,  Before  it  had  act,  a  triangular  piece  d 
wood  was  indented  Into  itiG  Eurfoce,  so  be  lo  lears,  at  everf 
foor  inches,  a  Iriang'ular  groove  fur  the  broken  stones  Ulie 
in  and  faste^ii  into.  These  grooves  fell  three  Inches  from  ihe  ^ 
centre  to  the  sides  of  the  road,  In  order  to  carry  off  any  water  | 
which  rnighi  percolate  throngh  the  broken  stones  above  it.  8ii  1 
inches  of  tliesH  were  laid  upon  it  when  it  had  sufficiently  hard-  | 
ened,  (whitli  was  in  about  fifteen  minutes)  and  Ihe  sides  or 
wings  were  filled  up  with  flint  gravel.  The  concrele  coil  it 
that  jilace  Ql)  cents  per  square  yard  six  inches  thitk.  Ths 
object  was  lo  attain  a  dry  and  solid  foundation  for  the  brutes 
slnne.  The  rosaU  was  an  sxcelleni  road,  undisturbed  by  w- 
vere  frosts,  and  on  which  one  horse  could  draw  as  much  u 
lliree  in  ila  original  state. 

4.  FATED  EOADS.T 

A  good  pavement  should  offer  little  resistance  to  wlieehi 
but  give  a  firm  foolhold  to  horses  ;  it  should  be  so  durable 
as  lo  seldom  require  taking  up;  it  should  be  as  free  as 
possible  from  noise  and  dust ;  and  when  it  is  laid  in  ihe 
streets  of  a  city,  it  should  be  suaceplible  of  easy  removal 
and  replacement  to  give  access  to  gas  and  water  pipea. 

A  coinmon  but  very  inferior  pavement,  which  diagracee 
the  stieels  of  nearly  all  " ur  cities,  is  constructed  of  rounded 

•Sro  Puniell,  pp.  157  oodlCO.and  plalas  to  SiininB  do  Roads. 

1  Gayffipr,  pp.  193-8  [  MarlBtlo,  pp.  104-3  ;  Jullien,  ffli.  316-1 H  !  ' 
pp.  110-123,  34tJ-3.^y  ;  Mnhan,  pp    233-5 ;  Journal  of  P' 
tMe,  BonL  OeL  1B43. 
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yiiiicT'WOTii  pcbbleSy  or  "  cobble-stones."  The  best  are  of 
an  egg-like  shape,  from  5  to  10  inches  deep,  and  of  a 
ciiameier  equal  to  half  their  depth.  They  are  set  with 
their  greatest  length  upright,  and  their  broadest  end  upper- 
most. Under  them  is  a  bed  of  sand  or  gravel  a  foot  or 
two  deep.  They  are  rammed  over  three  times,  and  a  layer 
of  ficie  gravel  spread  over  them  to  fill  their  interstices.* 

The  glaring  faults  of  this  pavement  are  that  the  stones, 
being  supported  only  by  the  friction  of  the  very  narrow 
space  at  which  they  are  in  contact,  are  easily  pressed 
down  by  heavy  loads  into  the  loose  bottom,  thus  forming 
holes  and  depressions  ;  and  at  best  offer  great  resistance 
to  draught,  cause  great  noise,  cannot  be  easily  cleaned, 
and  need  very  frequent  repairs  and  renewals.! 

The  pavement  which  combines  most  perfectly  all  desira 
hie  requisites f  is  formed  of  squared  blocks  of  stone,  rest- 
ing  on  a  stable  foundation,  and  laid  diagonally. 

We  will  examine  successively  the  merits  of  different 
foundations  ;  the  quality  of  stone  preferable  ;  their  most 
advantageous  size  and  shape ;  their  arrangement ;  the 
manner  of  laying  them  ;  their  borders  and  curbs  ;  tlicii 
aflvantages  ;  and  their  comparison  with  McAdam  roads. 


*  The  following  is  part  of  the  specification  for  the  Now  York  pavement : 
**  The  paving  stones  most  be  heavy  and  hard,  and  not  less  than  six  inchcH 
in  depth,  nor  more  than  ten  inches  m  any  airection.  Stones  of  similur 
size  are  to  be  placed  together.  They  are  to  be  bedded  endwise  in  good 
dean  gravel,  twelve  inches  in  depth.  They  shall  all  be  set  perp<tudicularly 
and  closely  paved  on  their  ends,  and  not  be  set  on  their  sides  or  edges  in 
any  cases  whatever." 

t  The  cost  of  soch  a  pavement  for  a  new  street  is  in  New  York  fron^ 
50  to  75  cents  per  sqnare  yard ;  for  n  |)airiiig  an  c  Id  street,  about  20  cents 


■  tfPROVEHEKT    OF  THE    ! 


Tlie  wanl  of  a  proper  foxindalion  is  one  of  the  mosi 
frequent  causes  of  ihe  failures  of  pavemenia.  A  fonnda 
lion  ahould  be  compased  of  a  sufficient  thickness  of  some 
incompressible  material,  which  will  effectually  cul  o3 
all  connection  between  the  subsoil  and  the  bottom  of  the 
paving-stones,  and  should  rest  upon  a  well-drained  bo^ 
torn,  for  which  in  cities  a  perfect  system  of  sewerageis 
indispensable.  The  principal  foundations  arc  those  of 
smid,  of  bro^ken  stone,  of  pebbles,  and  of  concrete. 

FouTtdationx  of  sand. — This  material,  when  it  fills  an 
excavatimi,  possesses  Jhe  valuable  properties  of  incomprcs- 
sibility,  and  of  assuming  a  new  position  of  equilibrium 
and  stability  when  any  porlion  of  it  is  disturbed.  To  se 
cure  these  qualities  in  their  highest  degree,  the  sami 
ahould  be  very  narefuUy  freed  from  the  least  admiilure  til 
earth  or  clay,  and  the  largest  grains  should  not  exceed 
one-sixth  of  an  inch  in  diameter,  nor  the  smallest  be  less 
than  one-lwenty-fifth  of  an  inch.  The  bed  of  the  road 
should  be  excavated  to  the  desired  width  and  depth,  and 
be  shaped  wiih  a  slope  each  way  from  the  coaUe,  corres- 
ponding with  that  which  is  to  be  given  to  the  pavemrnt. 
Tills  earth  bottom  should  be  well  rammed,  and  a  layer  of 
sand,  four  inches  thick,  be  put  on,  be  thoroughly  wetted, 
and  be  beaten  with  a  rammer  weighing  forty  p:>undB. 
Two  other  layers  are  to  be  in  like  manner  added,  and  the 
compression  will  reduce  the  thickness  of  twelve  inches  to 
eight.  The  number  of  layers  should  be  regulated  by  the 
character  of  the  subsoil.  Two  inches  of  loose  >and  ar« 
to  be  then  added  to  lill  the  joints  of  the  stoi  .  „ 

be  now  laid.     The  pressure  of  loads  upon  met, 
spread  by  the  incompressible  sand  over  a 
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oi  ihe  earth  beneath.  This  is  the  favorite  system  in 
France.* 

Foundations  of  broken  stone.-^A  bed  is  to  be  excava- 
ted, deep  enough  to  allow  twelve  inches  of  broken  stone 
to  be  placed  under  the  pavement.  A  layer  of  four  inches 
is  first  put  on,  and  the  street  then  opened  for  carriages  to 
pass  through  it.  When  it  has  become  firm  and  consoli- 
dated, another  layer  of  four  inches  is  added  and  worked 
in  as  before  ;  and  finally  a  third  layer ;  making  in  fact  a 
complete  McAdam  road.  Upon  it  the  dressed  paving- 
stones  are  set.t  This  method,  though  efficient,  is  very 
inconvenient,  from  the  length  of  time  which  it  occupies, 
and  the  difficulty  of  draught  while  it  is  in  progress. 

Foundations  of  pebbles. — Such  a  pebble  pavement  as 
IS  described  on  page  217,  resting  itself  on  sand,  gravel,  or 
broken  stones,  has  been  recommended  to  be  adopted  as 
the  foundation  of  the  dressed  block  pavement,  for  streets 
in  which  there  is  a  great  deal  of  travel.J 

Foundations  of  Concrete. — Concrete  is  a  mortar  of 
finely-pulverized  quicklime,  sand,  and  gravel,  which  are 
mixed  dry,  and  to  which  water  is  added  to  bring  the  mass 
to  the  proper  consistence.  It  must  be  used  immediately. 
Beton  (to  which  the  name  of  Concrete  is  often  improperly 
given)  is  a  mixture  of  hydraulic  mortar  with  gravel  or 
broken  stone  ;  the  mortar  being  first  prepared,  fine  gravel 
•ncorporated  with  it,  the  layer  of  broken  stones  subse- 
quently added  to  a  layer  of  it  5  or  6  inches  thick,  and  the 
whole  mass  rapidly  brought  by  the  hoe  and  shovel  to  a 
liomogeneous  state.  Three  parts  of  sand,  one  of 
hydraulic  lime,  and  three  of  broken  stone  is  a  good  pro- 
portion.    A  mixture  of  one  part  of  Roman  cement,  one  o/ 

«  Oayffier,  p.  126.  t  Pamell,  p.  117. 

t  Committeo  of  Frauklin  Institute,  and  Pamell,  p  1  ]6. 


sand,  and  i;igiit  <.>(  alone,  Ima  also  been  employed  vetj 
successfully.  Bilun  is  much  superior  lo  Concrete  fai 
moisl  localities. * 

The  excavation  slioiild  be  made  fourteen  inches  Wei 
llian  the  bottom  of  'lie  proposed  pavement,  and  filled  witli 
that  depth  of  the  concrete  or  beton,  which  sets  verj  rap- 
idly, and  becomes  a  hard,  solid  mass,  on  which  a  pave- 
ment may  then  be  laid.  This  is,  perhaps,  the  mosl 
nfEcient  of  all  the  foundations,  but  also  the  most  costly  at 
first,  though  this  would  be  balanced  by  its  permanence 
and  saving  of  repairs.  It  admits  of  access  to  subterrane- 
ous pipes  with  less  injury  to  the  neighboring  '-avement 
I  ban  any  other,  for  the  concrete  may  be  broken  ti.rough 
nt  any  point  without  unsettling  the  foundation  for  a  con- 
!<iderable  distance  around  it,  as  is  the  case  with  founda 
tions  of  sand  or  bi'oken  stones  ;  and  when  the  concrete  is 
replaced,  I.hp  pavement  can  be  at  once  reset  at  its  proper 
level,  without  the  uncertain  allowance  for  settling  which 
is  necessary  in  oiher  cases.  The  blocks  set  on  the  con 
ciete  are  usually  laid  iu  mortar.  We  will  examine  pres- 
•Milly  the  propriety  of  this, 

QUALITY    OF    STONE. 

The  stone  should  be  of  a  kind  which  will  r.ot  wear 
amooth,  but  which  will  always  remain  rough  on  the  sur- 
face. Many  varieties  of  granite  are  of  this  character,  and 
are  therefore  very  suitable.  The  hardest  stones  are  the 
best,  and  their  specific  gravity  is  a  tolerable  test  of  theii 
hardness.  The  hardest  stones  will  also  absorb  but  jft 
of  their  vohi me  of  water;  tender  ones  will  absorb  {\. 
The  hardest  stones  also,  when  struck  by  a  hammer,  give 
a  clearer  "nH  Tnore  ringing  sound  than  soft  ones. 

*  Mihor,  p.  41 
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Stones  may  be  made  much  more  durable  by  plunging 
ihem  in  boiling  bitumen,  which  penetrates  their  pores  and 
prevents  them  from  absorbing  water,  which  is  the  most 
powerful  agent  in  their  disintegration. 

SIZE    AND    SHAPE. 

The  size  of  the  stones  should  be  proportioned  to  the 
number  and  weight  of  the  vehicles  which  will  pass  over 
them,  and  as  each  stone  is  liable  to  have  resting  upon  it 
the  entire  weight  borne  by  one  wheel,  it  should  be  large 
enough  to  sustain  this  weight  without  being  crushed,  or 
depressed.  It  should  also  be  no  larger  than  a  horse's 
hoof,  so  as  to  prevent  any  slipping  upon  its  surface,  even 
where  unbroken  by  joints  ;  but  the  fulfilment  of  the  first 
condition  will  generally  make  this  impossible,  and  the  se 
lection  of  a  proper  quahty  of  stone  will  render  it  unneces- 
sary. If  stones  of  different  dimensions  are  admitted,  they 
should  be  assorted,  and  only  those  of  the  same  size  should 
be  used  near  each  other,  or  the  small  ones  will  sink  be- 
low the  rest,  and  the  depressions  thus  formed  will  be  in- 
creased by  every  passing  wheel.  It  is  therefore  very 
desirable  that  they  should  be  uniform  in  size.  Cubes  of 
eight  inches  in  every  direction  seem  to  combine  most  of 
these  requisites.  They  should  be  very  slightly  tapering 
towards  their  lower  ends,  thus  making  them  truncated 
pyramids.*  If  they  are  mucte  larger  than  this  standard, 
the  weight  of  a  wheel  coming  on  one  end  of  one  of  them, 
will  tend  to  depress  it  and  to  elevate  the  other  end,  so 


*  Blocks  of  this  size  cost  in  Philadelphia  delivered  on  the  street,  $2.75 
per  square  yard  of  surface.  Laying  a  bed  of  gravel  15  inches  deep,  set- 
ting the  stone,  &c.,  cost  50  cents  more,  making  the  entire  cost  of  i\\9 
pavement  $3^25  per  square  yard. 
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that  such  large  stones  would  be  less  firm  than  smaUet 
ones. 

Hexagonal  blocks  have  been  suggested,  and  would 
form  a  more  compact  mass  than  those  of  any  other  shape; 
but  their  superiority  in  this  respect  would  probably  no' 
compensate  for  the  extra  cost  of  cutting  them. 


Fig.  111. 
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I'l    I'i'l  Mill. 

The  rectangular  stones  may 
be  laid  in  continuous  courses 
across  the  road,  but  so  as  to 
"break  joints"  in  the  direction 
of  its  length,  as  shown  in  Fig. 
111.  It  has  been  observed,  how- 
ever, that  when  stones  are  laid,  as  is  usual,  with  thcii 
joints  parallel  and  perpendicular  to  the  direction  of  the 
road,  they  wear  away  most  rapidly  upon  the  edges  which 
run  across  the  road,  since  these  receive  most  directly  the 
shocks  of  the  wheels,  and  ihat  the  stones  thus  become 
convex.     To  prevent  this,  and  Fig-  US- 

to  secure  equal  wear,  ihey 
should  be  laid  so  thai  the  joints 
cross  the  road  obliquely,  ma- 
king an  angle  of  45°  with  the 
axis  of  the  roadway.  One  set 
of  joints  may  be  continuous, 
but  the  others 'should  break 
joints,  as  in  Fig.  112.  -    N/vxy^v        t 

Oblong  stones  are  preferred  by  ihe  French  engineenjeJ 
with  their  upper  surfaces  nine  inclies  by  five 
They  should  be  laid,  (if  not  diagonally)  so  thi 
est  length  is  across  the  street,  their  narrow 
being  that  passed  over  by  the  wheels.   They 
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rc^iRiance  to  draught  than  cubical 
blocks,  according  to  Ute  experi- 
ments (rf  Morin. 

In  the  steep  streets  of  Genoa 
the  stones  are  laid  in  oblique 
courses,  pointing  up  the  ascent, 
and  tneetingal  anangle  in  the  cen- 
tre. The  continuous  joints,  which 
^descend  to  the  right  and  to  the 
left,  facilitate  the  dtacliargc  of  the 
rainwater. 


The  top  surface  <:^  the  foundation  (of  whatever  mate 
rial  it  may  be)  which  forms  the  bed  for  the  pari ng-s ton ea, 
is  to  be  shaped,  as  directed  on  page  50,  slewing  each  way 
from  the  centre,  with  inclinations  ranging  from  1  in  50  to 
1  in  100,  Batter  in  proportion  to  the  smoothness  of  tlie 
surface.  The  stones  should  be  so  set  that  the  joints  be 
tween  them  will  not  exceed  one  quarter  of  an  inch.  But 
as  they  are  not  cut  regularly  enough  to  touch  on  every 
part  of  their  surface,  some  substance  must  be  interposed 
to  fill  up  the  vacancies,  and  to  enable  them  to  support 
each  other.  Mortar  is  used  for  this  purpose  on  founda 
tions  of  concrete,  and  even  on  those  of  sand  and  broken 
stone.  Sometimes  gravel  is  put  between  them,  and  a 
grouting  of  lime-water  poured  in.  Iron  chippings  are 
added  to  the  gravel  to  increase  the  adherence.  But  no 
adherent  compound,  such  as  these,  can  resist  the  con- 
tinual vibrations  and  play  of  the  pavement.  Some  other 
substance  should  therefore  be  employed,  which  will 
change  its  position  of  equilibrium,  and  never  cease  to  fill 
V9  the  spaces  between  the  stones,  whatever  shocks  they 
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may  receive.  Such  a  substance  is  pure  sand.  The 
quality  necessary  has  been  indicated  on  page  218.  k 
coating  of  an  inch  sho  jld  also  be  spread  over  the  stones 
When  the  foundation  is  any  thing  but  concrete,  the  paving 
stones  must  be  rammed,  alter  a  certain  portion  has  been 
laid,  with  a  maul  weighing  60  lbs.,  and  those  which  break 
under  this  must  be  replaced,  and  those  which  sink,  taker 
up  and  reset. 

BORDERS   AND    Ct7RB8. 

When  the  paved  road  forms  the  middle  portion,  or 
causeway,  of  a  wider  road,  with  wings  of  earth  or  broken 
stone  on  each  side  of  it,  its  edges  must  be  supported 
against  the  lateral  thrust  of  the  stones,  by  borders  of  largei 
blocks,  9  or  10  inches  wide,  13  to  18  inches  long,  and  13 
inches  deep.  They  are  laid  as  headers  and  stretchers,  so 
as  to  form  a  bond  with  the  pavement.  Their  outer  edge 
should  also  have  occasional  projections  into  the  wings,  so 
that  a  rut  may  not  be  there  formed. 

When  the  pavement  is  a  city  street,  the  curb-stonen 
should  be  long  blocks.* 

There  should  be  no  gut-  ,        ,- 

ter  or  other  channel  than  ^^^^ 

that   formed,    as   in  the 

figure,  by  the  meeting  of 

the  inclined  pavement  with  the  curb-stone,  which  should 

rise  6  or  8  inches  above  the  pavement,  and  be  sunk  as  deep 

into  the  ground  as  possible.     The  foot  pavements  should 


*  In  the  specifications  for  tbo  Ne\r  York  pavements,  tbo  Curbstones 
aic  required  to  bo  not  less  than  3  feet  long,  5  inches  thick,  and  20  inebai 
>xrido ;  and  the  Gutter-stones  to  be  not  less  than  three  feet  long,  6  indioi 
thidi,  and  14  inches  wide 
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incline  towards  the  street  at  the  rate  of  one  inch  in  ten 
feet,  or  1  in  120.* 

ADVANTAGES. 

The  advantages  of  such  a  pavement  are  its  smoolhncg? 
and  uniformity  of  surface,  enaWing  vehicles  to  be  drawn 
over  it  with  ease  to  the  horses,  comfort  to  the  passengers, 
and  but  httle  wear  and  tear  of  the  carriages,  which  can 
be  therefore  made  much  hghter  than  at  present.  At  the 
same  time.il  gives  a  good  foothold  to  the  horses  ;  causes 
very  little  noise,  yet  enough  to  warn  the  fool-passengers 
of  the  approach  of  a  vehicle,  and  is  very  easily  cleaned 
of  the  dirt  which  may  collect  upon  it.  It  is  also  very 
durable,  thereby  rendering  unnecessary  the  frequent  slop- 
page  of  a  street  for  repairs  ;  and  though  at  first  more 
expensive  than  cobble-stones,  is  finally  far  more  eco- 
nomical. 

PAVED  AND  MoADAM  ROADS  COMPARED. 

McAdam  maintains  that  his  roads  are  preferable  to 
pavements,  even  for  the  streets  of  cities.  lie  argues  that 
they  are  cheaper,  as  requiring  no  more  stone  than  pave- 
ments, admitting  an  inferior  quaHly,  and  costing  less  for 
repairs ;  and  that  they  give  greater  facility  of  travelling,  and 
cause  less  annoyance  from  dust,  when  properly  swept  ajul 
watered.  But  experience  in  the  streets  of  London  showb- 
the  cost  of  broken-stone  roads  to  be  far  greater  than 
pavements,  to  which  they  are  inferior  in  every  respect  .f 
The  result  of  very  full  discussions  at  the  Civil  Engineers' 
Institution  was,  that  a  whin  or  granite  pavement,  of  proper 
fonn  and  depth,  laid  on  a  sound  bottom,  is  preferable  to 


^  Pamell,  p.  130.  t  Pamell,  p.  126. 
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re-enicr  it  after  passing.  The  outside  limber  of  each 
track  should  be  smooth  on  its  upper  surface,  and  tlii! 
inner  one  liave  hollowed  in  it  a  furrow,  about  3  inches 
deep,  4  inches  wide  at  bottom,  and  twice  ihat  at  top. 
The  flat  limber  should  be  wide  enough  to  allow  for  the 
usual  variation  in  the  widths  of  vehicles.  The  rise  of  the 
road  betiveen  the  two  limbers  should  just  equal  ihe  depth 
of  the  furrow,  so  that  the  two  wheels  may  he  on  lb« 
same  level.  The  distance  between  the  centres  of  the 
timberu  should  be  about  5  feel ;  between  the  iwo  tracks  a 
space  of  four  feel  should  be  left;  and  on  the  outside  of 
each,  nine  and  a  half  feel  for  a  summer  road,  making  a 
total  width  of  33  feet,  or  two  rods. 

The  railroad  from  Clifton  to  the  Adirondfick  mines, 
New  York,  is  made  of  wooden  rails.  They  are  of  hanl 
raH.ple,  6  by  4  inches,  and  14  feet  long.  They  are  set  on 
edge  into  notches  in  the  ties,  ajid  are  fastened  by  woodun 
wedges. 


The  wooden  tracks,  adopted  more  ihan  two  cenluries  agu 
in  the  coal-mines  of  England,  were  before  long  covered 
with  ihin  plates  of  iron  to  increase  their  durabiliiy  and  tc 
lessen  their  friclion,  and  subsequently  replaced   by  tracks 


entirely  of  iron.  While  a  flange 
their  sides  was  used  to  keep  c  r 
riages  upon  them,  they  were  Irin 
roads,"  but  when  the  flange  was 
transferred  from  the  road  to  the  wl  eel 
ihe  trackway  became  a  Railway 
The  exieni  of  this  topic  demai  da  f  r 
it  a  separate  charier 


Fig.  190 
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pounded  with  a  rammer.  If  the  stones  were  freshly 
broken  ones,  three  parts  of  them  were  mixed  with  one  of 
quicklime ;  if  they  were  from  old  buildings,  two  parts  of 
lime  were  used  to  three  of  the  rubbish.  The  third  course 
{Nucleus)  was  composed  of  broken  bricks,  tiles,  and  pot- 
tery, mixed  with  lime,  which  formed  one-fourth  of  the 
whole.  The  mixture  was  spread  in  a  thin  layer,  and  in  it 
were  imbedded,  so  that  their  top  surfaces  were  perfectly 
level,  the  large  blocks  of  stone  {Summa  crusta)  which 
formed  the  pavement.  These  stones  were  irregular  poly- 
gons, usually  with  5,  6,  or  7  sides,  rough  on  their  under 
side,  but  smooth  on  top,  and  so  perfectly  fitted  together 
that  the  joints  were  scarcely  perceptible.  The  entire 
thickness  of  the  four  strata  was  about  three  feet.  When 
the  road  passed  over  marshy  ground,  the  foundation 
stones  rested  on  a  framework  of  timber,  (made  of  a 
species  of  oak  not  subject  to  warp  or  shrink)  and  to  pro- 
tect this  from  the  lime,  it  was  covered  with  a  bed  of 
rushes  or  reeds,  and  sometimes  of  straw.  On  each  side 
of  the  road  were  paved  footpaths,  and  parapets ;  with 
stones  at  regular  intervals  for  mounting  on  horseback 
Milestones  marked  the  distances  to  all  parts  of  the  empire 
from  the  Milliarium  aureum^  a  gilt  column  in  the  For.im 
of  Rome.  _^ 

Tlie  Huss  ravementj  (named  from  its  iutroducer,)  in  New  York,  is  con- 
Btnicted  thus :— The  street  (Broadway)  is  graded  with  a  crowu  of  7  inche8= 
JL.  Granite  chips  are  spread  over  this,  and  rammed  down  flush  with  the 
earth.  A  concrete  foundation,  6  inches  thick,  is  formed  in  rectangular 
■ectioD^  It  contains  1  part  of  Rosendule  cement,  2^  parts  of  clean 
coarse  sand,  2J  of  broken  stone,  and  2  of  gravel.  On  it  rest  rectangular 
blocks  of  sienitic  granite,  10  niches  deep,  10  to  18  long,  and  5  to  12  wide. 
They  are  laid  diagonally,  at  angles  of  45®  with  the  line  of  the  street,  and 
00  as  to  form  loxengo-shaped  compartments.  Lewis  holes  in  certain 
blocks,  and  iron  plates  under  them,  givo  easy  access  to  water  and  gas 
pipea,  permitting  excavations  4  feet  long,  and  3^  wide.  The  contract 
wire  iu  1849  was  $5.50  per  square  yard  of  pavement. 


liOii 

upnn  tbem  is  ihen  rendered  necessary ;  Lhe  usual  one  at 
present  being  a  projection,  or  "  flange,"  on  the  inner  riin 
of  ihe  wheel. 

Since  ihe  peculiar  wheels,  which  are  the  chief  source 
of  the  superiority  of  railroads,  prevent  the  vehicles  which 
are  adapted  lo  run  upon  them,  from  being  used  on  ordinary 
roads,  railroads  pass  out  of  the  practical  scope  of  iha 
present  treatise ;  for  the  details  of  their  construction  no 
longer  belong  to  the  community  at  large,  but  demand  the 
highest  professional  skill  of  the  Civil  Engineer.  The 
general  interest,  however,  in  the  subject  of  railroads 
seems  to  demand  some  explanation  of  the  leading  princi- 
ples which  should  govern  those  engaged  in  their  eslabiish- 
ment,  and  some  account  of  the  ingenious  contrivances 
which  have  been  adopted  to  overcome  the  difficulties, 
which  have,  one  after  another,  risen  up  in  vain  efforts  W 
atop  the  progress  of  the  giant.  A  brief  popular  view  of 
these  topics  (without  the  minute  practical  details  wiu 
which  the  subject  of  roads  in  genera!  has  been  treated) 
will  accordingly  be  given  in  the  present  chapter.* 

Wooden  railways  were  employed  as  a  substitute  for 
common  roads,  in  the  collieries  of  England,  soon  after  ihe 
year  1600. +  The  earliest  record  of  their  existence  is  ni 
the  hfe  of  the  Lord  Keeper  North,  wherein  it  appears  thai 
about  the  year  1670,  tbey  were  used  at  Newcaslle-on- 
Tyne,  for  transporting  coal  from  the  mines  to  the  river, 
and  enabled  one  horse  to  draw  four  or  five  chaldrons. 


■  The  priocipBl  an 
an  Hallways."  rrom  It 
Ri'fcAts.-'OiiRallwiivi 
Dod  ducuniniia  In  I 
"  Journal  of  llie  Fraukliii  Iiutilule  ;"  ■>  Amf  tlcbo  lUilrmid  Juimal,"  &« 

t  Bilohie  ou  Railwan  p.  ID. 


coQBullwl  hiivfl   beHQ  Lecount,  "  Tresliw 

li  edition  of  Iho  Encyctopediu  BritBimics! 

?sur  VignoUt'  Lecturea;  onil  ihe  report* 

I    EngiDPor   unit   Arehilect's   Ji>uninl 
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CHARCOAL  ROADS. 

A  very  good  roaid  has  been  lately  made  through  a 
swampy  forest,  by  felling  f.nd  burning  the  timber,  and 
covering  the  surface  with  the  charcoal  thus  prepared. 

'*  Timber  from  six  to  eighteen  inches  through  is  cut 
twenty-four  feet  long,  and  piled  up  lengthwise  in  the 
centre  of  the  road  about  five  feet  high,  being  nine  feet 
wide  at  the  bottom  and  two  at  the  top,  and  then  covered 
with  straw  and  earth  in  the  manner  of  coal-pits.  The 
earth  required  to  cover  the  pile,  taken  from  either  side, 
leaves  two  good-sized  ditches,  and  the  timber,  although 
not  split,  is  easily  charred ;  and,  when  charred,  the  earth 
is  removed  to  the  side  of  the  ditches,  the  coal  raked 
down,  to  a  width  of  fifteen  feet,  leaving  it  two  feet  thick 
at  the  centre  and  one  at  the  sides,  and  the  road  is 
completed." 

A  road  thus  made  in  Michigan  cost  $660  per  mile, 
and  is  said  to  be  very  compact  and  free  from  mud  or 
dust.  At  a  season  when  the  mud  on  the  adjoining  earth 
road  was  half  axletree  deep,  "  on  the  coal  road,  there  was 
not  the  least  standing,  and  the  impress  of  the  feet  of  a 
horse  passing  rapidly  over  it  was  like  that  made  on  hard 
washed  sand,  as  the  surf  recedes,  on  the  shore  of  the  lake. 
The  water  was  not  drained  from  the  ditches,  and  yet  there 
were  no  ruts  or  inequalities  in  the  surface  of  the  coal 
road,  except  what  was  produced  by  more  conipact  pack- 
ing on  the  line  of  travel.  It  is  probable  that  coal  will 
fully  compensate  for  the  deficiency  of  limestone  and  gravel 
in  many  sections  of  the  west,  and,  where  a  road  is  to  be 
constructed  through  forest  land,  that  coal  may  be  used  at 
a  fourth  of  the  expense  of  limestone." 

Two  such  roads  in  Wisconsin  were  let  by  contract  at 
•1.56  and  $1.62J  per  rod,  or  M99  and  S520  per  mile. 
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Plan  atid  Cross  Section  of  a  Plank  Road. 
Fg  lis  >. 


Fig.  nS.a.Crom-MCtion. 
Fig-  115,  b,  Plui,  orTop  View. 


Scale,  10  feet  to  1  incli. 


The  most  valuable  improvement  since  McAdam'Sj  ami 
(Hie  siiperiov  to  his  in  many  localities,  is  the  recent  in- 
vention of  covering  roads  with  planks.     The  first  plank 
road  on  this  continent  was  constructed  in  Upper  Canadt) 
in  1836.     A  short  piece,  laid  down  experimentally,  gave 
so  much  aatisfaclion,  as  to  ease  of  travelling,  and  cheap- 
ness of  keeping  in  repair,  tliat  a  mile  of  il  was  conatruct- 
ed  the  next  year  at  a  cost  of  $2100.     lis  success  caused 
it  to  be    continued.      Since   then   500   miles  have  been 
constructed  in   Canada,  and  more  than  2000  regiaiere4|< 
in  the  State  of  New-York;  and  probably  severe'  ii<n»M 
sands  more  in  the  other  stales  of  ihe  Union  froii 
to  Tesaa  and  Wisconsin. 


Wthe  mosi  generally  a}i[>roved  syslem,  iwo  paialle! 
riiws  of  small  sticks  of  limber  {called  iiKlifTereiilly  sleep- 
ers, strtngers,  or  sills)  are  imbedded  in  ihe  road,  lliree  or 
four  fi;ct  apart.  Planks,  eight  feet  long  and  lliree  or  four 
incites  thick,  are  .laid  upon  iheae  slicks,  across  them,  at 
right  angles  to  their  direction.  A  side  track  of  earlli,  lo 
liirn  out  upon,  is  carefully  3raded.  Deep  ditches  are  dug 
on  each  side,  to  ensure  perfect  drainage  ;  iuid  thus  is 
formed  a  Plank  Road. 

Tile  benefits  of  covering  the  earth  with  some  belter     [I 
material  have  been  indicated  on  page  188,  pitt  ihe  pecu- 
liiir  advantages  of  ihis  plank  covering 
made  knov^n,  when  vfe  shall 
viirious  details  of  constrai 


■  if  iilxir  caused  iu  irMi.rcfsary  a 

ill  \\i<:  (,i.:v  jiiirl  of  this  vol 
s  also  sliown  (page  28)  thai 
Wxa  ihe  traveller  to  go  two  or  three  llinusaiid 
[i  lo  avoid  ascending  a  hill  a  hundred  feet  high  ; 
B  cost  of  constructing  the  additional  length  of 
lily  counterbalances  this  consideration.  It  was 
1  that  the  smoother  the  surface  of  the  road  was 
!  more  injurious  proportionally  were  such  as- 
jThey  are  therefore  especially  objectionable  on 
piads,  which  bold  an  inlermediate  place  belwcejt 
1  roads  and  railroads-     Some  distinguished  engi- 

mpDrl  lo  the  Council  of  Wiscoiuhi,  Februnry, 
xtifudisd  unci  flyHleinalic  cotl^GllDn  of  InFonnatiun 
sDd  lo  Ihe  TDluiii>1e  published  and  ubligini;  privutn 
Gaorge  Otddiv,  C-  E-,  (who  tirel  iiilnidDcrd  and 
iment   in  the  Uuiled  i^IatPB,;  ihe  BU<bor  n 
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neers  have  been  led  astray  on  this  point.     Their  argu- 
ments, if  carried  out  to  their  full  extent,  would  lead  to  the 
construction  of  railroads  also  with  similarly  steep  grades 
It  is  true,  as  they  state,  that  a  given  load  can  be  drawn 
up  a  much  steeper  hill  on  a  plank  road  than  on  a  com- 
mon one,  the  friction  on  the  former  being  so  much  less, 
but  (as  proven  on  pages  34  and  35,  which  see)  this  will 
lessen  in  an  equally  mcreased  ratio  the  advantages  of  the 
level  portions  of  the  road.     Let  us  assume  the  resist- 
ance of  friction,  or  **  stick-tion,"  (as  Professor  Whewell 
calls  it,)  on  a  plank  road  to  be  one-third  of  that  on  a  good 
earth  road.    It  will  therefore  be  one-sixtieth  of  the  weight 
carried,  if  that  of  the  earth  be  one-twentieth.     If,  now,  a 
horse  can  draw  one  ton  on  the  level  earth  road,  the  total  re- 
sistance will  be  doubled  when  he  comes  to  a  hill  which  rises 
one  foot  in  going  twenty,  (1  in  20,)  and  he  will  be  able 
to  draw  only  half  a  ton  up  this  hill,  and  therefore  his  load 
on  the  level  parts  of  the  road  would  be  but  half  a  ton  , 
for  it  would  be  useless  for  him  to  take  more  to  thfr^vhiH 
than  he  could  drag  wp  it.     Now  suppose  the  same  ro^d 
to  be  planked,  and  this  hill  to  remain  untouched..    Ori^ 
the  level  portions  the  same  horse  can  now  draw  three  tons,[ 
Dy  our  hypothesis.     But  the  hill,  rising  1  in  20,  will  offer 
resistance  three  times  as  great  as  does  the  "  sticlion"  oi 
the  plank  road,  and  the  whole  resistance  in  going  up  it  will 
therefore  h^  four  times  as  great  as  on  a  level.     The  horse^ 
can  therefore  draw  only  one-fourth  of  his  former  load,  or 
only  three-quarters  of  a  ton,  which  is  consequently  the  limit 
of  his  load  on  the  level.     Thus  then  this  hill  has  brought 
down  the  gain  of  the  plank  road  over  the  earth  to  only  a 
quarter  of  a  ton,  instead  of  two  tons,  which  it  would  be, 
were  the  hill  removed.     Therefore,  in  laying  out  a  plank 
road,  it  is  indispensable,  in  order  to  secure  all  the  ben 
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which  can  be  derived  from  il,  to  avoid  or  cut  down  all 
steep  ascents. 

A  very  shoj't  rise,  of  even  considerable  steepness,  nnay, 
however,  be  allowed  to  remain,  to  save  expense  ;  s'-nce  a 
horse  can,  for  a  short  time,  put  fortn  extra  exertion  to  over 
come  such  an  increased  resistance  ;  and  the  danger  ol 
slipping  is  avoided  by  descending  upon  the  earthen  track.* 

A  plank  road,  lately  laid  out,  under  the  supervision  of 
Mr.  Geddes,  between  Cazenovia  and  Chittenango,  N.  Y., 
is  an  excellent  exemplification  of  the  true  principles  of 
roadmakmg.  Both  these  villages  are  situated  on  the 
"  Chittenango  creek,"  the  former  being  800  feet  higher 
than  the  latter.  The  most  level  common  road  between 
these  villages  rises,  however,  more  than  1,200  feet  in  go- 
ing from  Chittenango  to  .Cazenovia,  and  rises  more  than 
400  feet  in  going  from  Cazenovia  to  Chittenango,  in  spite 
of  this  latter  place  being  800  feet  lower.  Il  thus  adds 
one-half  to  the  ascent  and  labor,  going  in  one  direction, 
and  in  the  other  direction  it  goes  up  hill  one-half  the 
height,  which  should  have  been  a  continuous  descent. 
The  line  of  the  plank  road^  however,  by  following  the 
creek,  (crossing  it  five  times,)  ascends  only  the  necessary 
800  feet  in  one  direction,  and  has  no  ascents  in  the  other, 
with  two  or  three  trifling  exceptions,  of  a  few  feet  in  all, 
admitted  in  order  to  save  expense.  There  is  a  nearly 
perpendicular  fall  in  the  creek  of  140  feet.  To  overcome 
this,  it  waft  necessary  to  commence,  far  below  the  falls,  to 
climb  up  the  steep  hill-side,  following  up  the  sides  of  the 
lateral  ravines,  until  they  were  narrow  enough  to  bridge, 
and  then  turning  and  following  back  the  opposite  sides  til] 
the  main  valley  was  again  reached.  The  extreme  rise  i? 
fit  the  rate  of  one  foot  to  the  rod,  (1  in  16^  ;)  and  this  only 

*  The  steepor  the  grade,  the  more  rapid  is  the  wear  of  the  planks,  in  a  very  ron\:>.i  k 
abk>  Qeajee  ;  a  foot  in  a  rml  doubling  the  wear  on  a  level. 


■^  --r-t  K 


234  IMPROVEMENT  OF  THE  SURFACKi. 

for  short  distances,  and  in  only  three  instances,  witli  a 
much  less  grade,  or  a  level,  intervening.  The  hme  passes 
through  a  dense  forest,  which  supplied  'jts  material,  being 
cat  into  plank  by  sawmills  erected  in  a  giilf  never  before 
approached  by  a  wheeled  carriage. 

WTOTH.' 

A  single  track  of  plank,  eight  feet  wide,  with  an  earth- 
en turn-out  track  beside  it,  of  twelve  feet,  will  in  almost 
all  cases  be  sufficient.  This  gives  twenty  feet  for  the 
least  width  necessary  between  the  inside  top  lines  of  the 
ditches,  the  width  of  which  is  to  be  added,  making  about 
two  rods  on  level  ground.  If  extra  cuttings  or  fillings  be 
required,  the  width  occupied  by  their  slopes  must  be  add- 
ed to  this.  An  earthen  road  of  •eight  feet  wide  on  each 
side  of  the  plank  track,  has  sometimes  been  adopted.  The 
New  York  general  plank  road  law  fixed  four  rods  (6ft 
feet)  as  the  least  permissible  width  that  plank  roads  might 
be  laid  out.     This  provision  has  since  been  repealed. 

Wider  plank  tracks  were  at  first  employed.  In  Can 
ada  single  tracks  were  made  from  9  to  12  feet  wide.  But 
it  was  found,  on  the  12-feet  Toronto  road,  after  seven 
years'  use,  that  the  planks  were  worn  only  in  the  middle 
seven  or  eight  feel,  and  that  the  remaining  four  or  five 
feet  of  the  surface  had  not  even  lost  the  marks  of  the  saw. 
One-third  of  the  planking  was  therefore  useless,  and  one- 
third  of  the  expenditure  wasted. 

A  double  plank  track  will  rarely  be  necessary.  No 
one  without  experience  in  the  matter  can  credit  the  amount 
of  travel  which  one  such  track  can  accommodate.  Over 
a  single  track  near  Syracuse,  161,000  teams  passed  in 
two  years,  averaging  over  220  teams  per  day  »"d  during 
three  days  720  passed  daily.    The  earthen  i 
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must,  however,  be  kept  in  good  order,  and  this  is  easy,  if 
it  slope  off  properly  to  the  ditch,  for  it  is  not  cut  with 
any  continuous  lengthwise  ruts,  but  is  only  passed  over 
by  the  wheels  of  the  wagons  which  turn  off  from  tlie 
track,  and  return  to  it.  They  thus  move  in  curves,  wh'ch 
would  very  rarely  exactly  hit  each  other,  and  this  travel, 
being  spread  nearly  uniformly  over  the  earth,  tends  tc 
keep  it  in  shape  rather  than  to  disturb  it. 

If,  however,  there  is  so  much  travel  that  the  earth  track 
will  not  remain  in  good  order,  then  this  travel  will  pay  for 
the  double  track  which  it  requires.  But  this  should  be 
made  in  two  separate  eight-feet  tracks,  and  not  in  one 
wide  one  of  16  or  24  feet,  as  was  at  first  the  practice. 
On  a  wide  track  the  travel  will  generally  be  near  its 
middle,  and  will  thus  wear  out  the  planks  very  une- 
qually, besides  depressing  them  in  their  centre,  and  ma 
king  the  ends  spring  up,  and  when  it  passes  near  one  end 
that  will  tilt  up,  and  loosen  the  otherV  Besides,  when  a 
light  vehicle  wishes  to  pass  a  loaded  one  moving  in  the 
centre,  as  it  naturally  will,  the  former  will  be  greatly  de- 
layed in  waiting  for  the  other  to  turn  aside,  or  else  will 
have  one  wheel  crowded  off  into  the  ditch.  But  where 
there  are  two  separate  tracks,  the  whole  width  of  one  is 
at  the  service  of  the  Hght  vehicle.  On  a  sixteen-feet  track 
near  Toronto,  the  planks,  having  become  loose  and  un- 
settled, were  sawn  in  two  in  the  centre,  and  this  imper- 
fect double  track,  even  without  any  turn-out  path  be- 
tween, worked  better  than  in  ts  original  state.  An 
experienced  constructor  states  that  if  he  were  desired  to 
build  a  road  fifty  feet  wide,  \e  would  make  it  in  separate 
eight-feet  tracks. 

l^he  wide  track  of  16  feet  plank  has  sometimes  been 
divided  into  two  of  eight  feet,  by  spiking  down  scantling 


^ 
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20  feet  long,  and  six  inches  square,  along  the  middle  of 
the  road,  at  intervals  of  100  feet  in  the  clear,  between 
each  scantling.  This,  howrever,  only  partially  remedies* 
the  objections  adduced. 

When  the  ground  is  of  such  a  veiy  unsettled  and  yield- 
ing nature,  such  as  loose  sand,  marsh,  &c.,  that  a  solid 
turn-out  track  of  earth  cannot  be  made,  planks,  sixteen 
feet  long,  may  be  used,  resting  on  three,  four,  or  five 
sleepers,  crowning  in  the  middle  three  or  four  inches,  and 
the  ends  sprung  down,  and  pinned  to  the  outer  sleepers 

GRADING. 

The  importance  of  elevating  a  road-bed  above  the  level 
of  the  adjoining  fields,  and  digging  deep  ditches  on  each 
side,  has  been  already  urged,  (pages  53,  54,)  and  this  is 
a  fundamental  requisite  in  making  a  good  plank  road. 
Employ  the  earth  from  the  ditches,  if  good  material,  re- 
jecting the  sods,  to  raise  the  road-bed.  Give  the  ditches 
free  outlets,  cut  their  bottoms  with  true  slopes,  make  under- 
drains,  of  cobble-stones  and  brush,  across  the  road  in  wet 
places,  and  use  every  precaution  to  ensure  thorough  and 
complete  drainage.  This  will  be  more  difficult  in  a  flat 
than  in  a  hilly  country.  If  it  be  effected,  however,  the 
plank  will  last  much  longer,  and  the  road  be  always  m 
better  condition.* 

The  "  cross-section"  of  the  road-bed,  or  its  shape  cross 

*  The  ditches  and  side  slopes  of  the  road-bed,  after  being  ploughed  up, 
may  be  most  rapidly  shaped  by  the  use  of  a  scraper  of  this  form,  ^, 
composed  of  two  planks  hinged  together  in  front,  and  kept  apart  in  the 
rear  by  an  adjustable  cross-piece.  The  team  is  attached  to  the  outtr 
plank  at  such  a  distance  from  the  point  as  to  keep  the  inner  plank  in  tho 
direction  of  the  road,  so  that  it  forms  the  straight  edge  of  the  bank,  while 
the  skew  of  the  outer  plank  throws  the  earth  to  one  side  in  the  manner 
of  a  snow-plough.  A  man  with  a  long  levr  inserted  in  the  ou 
regulates  thi»  more  exactly 
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Wise,  between  the  ditches,  must  be  carefully  adjusted  so 
as  lo  freely  carry  oflF  the  rain  which  may  fall  on  it  First 
decide  on  which  side  of  the  road  the  plank  track  is  to  be 
laid.  It  should  generally  be  on  the  right-hand  side  com- 
ing from  the  country  into  a  town,  so  that  the  farmers' 
wagons  may  keep  upon  it,  when  they  bring  in  their  heavy 
produce,  and  that  the  turning  out  may  be  done  by  those 
which  are  going  back  light.'*'  The  twelve  feet  width  in- 
tended for  the  earth  track  should  be  heavily  rolled  or  beat- 
en, to  make  it  firm  and  hard.  It  should  slope  down  from 
the  centre  three-quarters  of  an  inch  to  the  foot,  (1  in  16,) 
and  the  eight  feet  of  plank  should  fall  off  three  inches,  or 
1  in  32.  From  each  side  of  the  20  feet  thus  graded,  the 
bank  should  slope  down  to  the  bottom  of  the  ditches  at 
the  rate  of  three  inches  to  the  foot,  or  1  in  4.  (See  P'ig. 
115,  a;  page  230.) 

The  proper  shape  may  be  most  easily  and  accurately 
given  by  the  use  of  a  common  mason's  level,  having  a 
tapering  piece  of  wood  under  it,  (as  shown  in  Fig.  88, 
page  173,)  or  having  one  leg  so  much  longer  than  the 
other,  as  will  give  the  slope  required.  •  If  the  plank  be 
laid  on  an  old  roadway,  no  more  of  it  should  be  broken 
up  than  is  absolutely  necessary  for  imbedding  the  sleep- 
ers, as  it  is  very  desirable  to  preserve  as  solid  a  founda 
tion  as  possible. 

SLEEPERS,  SILLS,  OR  STRINGERS. 

Material. — Pine,  hemlock  tamarack,  oak,  and  walnut, 
have  been  used  in  Canada.  Hemlock  has  been  mostly 
used  in  New  York,  from  its  abundance  and  cheapness 
Pine  would  be  more  durable. 

Number  and  size. — At  first,  five  or  six,  each  six.  inches 
square,  were  placed  under  16  feet  plank.     The  Canada 

*  But,  in  ascendinjc  a  long  hill  in  eitker  direction,  it  should  be  on  the  right 
*iajuJ  sides 
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Board  of  Works'  Specification,  1845,  directs  four  to  be 
put  under  a  16-feet  road,  and  three  under  a  10-feet  road;  i 
the  outer  ones  to  be  five  inches  square,  and  the  inner  ones 
to  be  six  1  iches  wide,  and  two  inches  thick,  laid  flatwise. 
On  the  New  York  roads  of  eight  feet  planks,  two  sleep- 
ers, four  inches  square,  have  been  generally  employed. 
They  have,  however,  been  found  insuflicient,  and  the  ex- 
perienced engineer  of  the  original  Syracuse  road,  strongly 
recommends  sleepers  12  by  3,  laid  on  their  flat  sides,  and 
for  an  important  road  would  make  them  12  by  4,  or  even 
12  by  6.*  They  should  be  large  and  strong  enough  to 
hold  up  the  plank  road  in  case  of  a  soft  place  for  a  few 
feet.     Others  argue,  however,  that  they  should  be  small 
enough  to  sink  down  with  the  earth  as  it  settles  under  the 
planks,  so  that  these  may  continue  to  bear  upon  the  ground; 
as  otherwise  the  planks  would  be  rapidly  worn  out  by  the 
springing  thus  caused,  and  would  be  soon  rotted  by  the 
confined  air  under  them.     They  also  assert  that  the  only 
use  of  the  sleepers  is  to  keep  the  road  in  shape  when  first 
laid  down.     Indeed,  a  road  three  miles  long  has  been  laid 
in  Canada,  without  any  sleepers  at  all  under  the  planks 
and  it  worked  quite  well.     Its  advocates  say  that  sleepers 
form  a  trench  in  which  water  collects,  and  is  by  them  pre- 
vented from  running  off.     It  therefore  floats  the  planks,  or 
washes  out  mud  from  under  them,  and  thus  forms  a  cav- 
ity, which  produces  the  bad  effects  above  mentioned.  This 
consideration  would  make  light  sleepers  appear  to  be  worse 
than  none.     The  conclusion  seems  to  be  that  large  sleep- 
ers should  be  used  for  an  important  road ;  and  that  for  a 
poor  one,  which  expects  to  receive  only  light  loads,  and 
which  runs  over  a  hard  bottom,  sleepers  might  per^'*'"" 
be  altogether  dispensed  with . 

*  The  lower  sleeper  may  be  14  inches  wide,  and  the  other  10,  ar 
BB  a  bridge  over  the  channMls  made  under  it  to  let  off  the  water ;  am 
Komewhat  lander  share  of  the  weight. 
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Length. — The  tieepera  used  should  be  as  straight  and 
true  a9  possible.  On  ihe  Syracuse  road  none  less  tlian 
13  feet  long  were  admitted.  On  the  Canada  roads  tliey 
are  required  to  be  not  less  than  16  feet,  nor  more  than  20 
feel  long. 

Layirtg. — Their  distance  apart,  centre  to  centre,  should 
be  such  that  the  wheels  of  loaded  wagons  may  pass  di- 
rectly over  their  middle  ;  or  somewhat  nearer  to  their 
outer  than  iheir  inner  sides.  This  distance  will  therefore 
vary  in  different  sections  of  the  country,  according  to  the 
usual  "  track"  of  wagons.*  If  this  principle  be  viiried 
from,  it  should  be  by  bringing  the  sleepers  nearer  the 
middle  than  the  ends  of  the  planks,  to  prevent  any  de 
pression  in  the  centre.  The  foot-wide  sleepers  in  the 
figure  are  drawn  three  feet  apart  in  the  clear,  or  four  feet 
centre  to  centre. 

^Thcy  should  be  well  bedded  in  the  earth,  in  trenches 
I  receive  them,  wilh  ihcir  top  surface  barely  in  sight, 
should  bear  firmly  and  evenly  ihroughoiii  tlicii 
I  length,  and  the  earth  between  ihem  be  well  rum- 
I,  and  made  firm,  solid,  and  even-f  Tlic  sleeper 
r  the  ditch  is  to  be    laid    so  much     lower  ihnn  llie 
one,    as    to    give  the  proper  slope  to  l!ie  road, 
.  is  so  important  for  carrying  off  llio  rainwater. 
■in(s. — At  the  joints,   where   two  sleepers  come  to 
,  end  lo  end,  they  are  liablep  to  sink  under  passing 
To  prevent  this,  various  means  may  be  cniployed 

e  eammoD  track  of  wugons,  oivcisared  "  fram  iaaide  to  outside," 
B  same  as  Ctom  centre  to  centre,  is  Tour  feet  eiirht  inchen  in  ilm 
W  Yurk.  In  Hen  Jenvy  Niii!  tliH  Southern  Slulrs,  it  is  Bve  CffL 
luecLicul  it  varlen  from  three  feel  eight  indies  for  liKhl  ivugoiiH,  to  live 
.'O  inchea  for  heavy  ones.  Id  WisCDnsiii,  it  is  live  feet  four  inches. 
nroadsD  roller,  weighing  two  ions,  has  been  very  successfully  used 
lli»§  tbe  alsepers  and  the  earth  between  them,  being  drawii  over 
Ktml  (M»W  btCote  Ihey  are  planked. 
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The  broad  sleepers  (12  by  3)  may  be  sawn  in  Iwolengih- 
wise,  so  as  to  be  each  B  by  3,  and  laid  side  by  aide,  sou 
lo  "  break  joiiila ;"  tlie  joints  of  one  sel  being  opposite 
[be  middle  of  ihe  adjoining  pieces,  whicb  form  llie  other 
set.  This  arrangement  is  shown  in  Fig.  1 15,  b,  page  830 
Tlie  sawmills  charge  no  more  for  the  sleepers  in  two 
pieces,  each  6  by  3,  than  in  one  12  by  3,  A  second 
remedy  is  to  lay  a  j 
short  board  under  the 
joints  of  the  sleepers, 
as  shown  in  Fig.  115, 
c.  A  third  is  to  con- 
nect the  ends  by  a 
mortice  and  tenon,  two 
inches  long,  as  in  Fig.  115,  d.  A  tourth  is  to  uniie  them 
by  a  bevel  scarfing,  three  inches  in  length,  reversed  on 
each  half,  as  shown  in  Fig.  115,  e,  in  which,  for  distinct- 
ness, the  two  sleepers  are  represented  as  separated.  In 
every  case  the  joint  on  one  side  of  the  road  ought  to  ba 
opposite  ihe  middle  of  iho  sleeper  on  the  other  side 


Material. — In  Canada,  pine,  hemlock,  tamarack,  oak, 
and  walnut,  have  been  employed.  In  this  State,  hemlock 
alone  has  been  used,  being  the  cheapest  material  lo  bo 
obtained.  Its  defects  "are  its  perishable  nature,  and  its 
iiumerous  knots,  which  soon  make  the  road  rough,  when 
the  softer  portions  of  the  planks  have  worn  away.  Pine. 
oak,  maple,  or  beach,  would  be  preferable.  In  Wiscon 
sin,  &c.,  white  and  burr  oak  are  abundant,  and  would 
therefore  be  advantageously  used.  Oak  would  make  the 
most  permanent  road,  from  its  superior  capabilities  of  re 
sieting  both  wear  and  decay.     From  its  greater  ncig. 
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would  cost  a  liitle  more  for  hauling  and  hai.dling.  The 
slipperiness  of  hardwood  has  been  made  an  objection  to 
It,  but  the  sand  with  which  the  road  should  be  covered, 
would  obviate  this.  Whatever  sort  of  limber  is  em 
ployed,  it  should  be  sound,  and  free  from  sap,  bad  knots, 
shakes,  wanes,  or  any  other  imperfections.  The  plank 
should  be  full  on  the  edges,  and  not  less  than  nine  nor 
more  than  sixteen  inches  wide,  if  of  soft  wood,  or  not  more 
than  twelve,  if  of  hard  wood. 

Thickness, — The  planks  are  usually  either  three  or  four 
inches  thick ;  but  the  builders  of  the  later  roads  prefer 
giving  less  strength  to  the  plank,  and  more  to  the  sleep- 
ers, which  are  more  durable  ;  and  therefore  recommend 
three-inch  plank,  with  sleepers  a  foot  wide.  With  hem- 
lock plank,  any  thickness  beyond  three  inches  is  wasted, 
for  when  two  inches  have  been  worn  down,  the  projecting 
knots  will  make  the  road  too  rough  to  travel  on,  and  it 
will  require  renewal.  One  inch  more  will  be  sufficient  to 
hold  the  knots  in,  so  that  we  get  three  inches  as  the  prop- 
er thickness.*  With  less  knotty  timber,  thicker  plank  may 
be  used,  provided  there  will  be  travel  enough  to  wear  out 
the  whole  thickness  from  above,  before  it  unprofitably  rols 
out  from  below.  When  two  tracks  are  laid,  that  which 
would  be  travelled  by  the  loaded  wagons  going  to  market 
may  be  laid  with  four-inch  plank,  and  the  otlier  track,  for 
the  light  wagons,  with  three-inch  plank. 

Laying, — The  planks  should  be  laid  directly  across  the 
road,  at  right  angles,  or  "  square,"  to  its  line,  as  shown  in 
Fig.  115,  b,  on  page  230.  The  ends  of  the  planks  are 
not  laid  evenly  to  a  line,  but  project  three  or  four  inches 
on  each  side  alternately,  so  as  to  prevent  a  rut  being 
formed  by  the  side  of  the  plank  track,  and  to  make  ii 
easier  for  loaded  wagons  to  get  upon  it ;  as  the  wheels, 

*  The  knots  maT.  however,  be  cheaply  dubbed  down  wiUi  an  adze. 
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instead  of  scraping  along  the  ends  of  the  planks,  when 
coming  towards  the  track  obliquely  after  turning  oflF,  will 
on  coming  square  against  the  edge  of  one  of  these  pro^ 
jecting  planks,  rise  directly  upon  it.  On  the  Canada  roads, 
every  three  planks  project  three  inches  on  each  side  of 
the  load  alternately,  as  shown  in  Fig.  115,  b 

The  planks  were  laid  lengthwise  of  the  road,  on  the 
first  one  running  from  Quebec,  it  being  supposed  that  ihey 
would  wear  better,  and  could  be  more  easily  taken  up  and 
replaced.  But  it  was  found  that  loaded  horses  slipped 
upon  them,  (the  longitudinal  direction  of  the  grain  giving 
no  hold  to  the  feet,)  that  ruts  were  soon  worn  in  them, 
and  that  they  did  not  keep  their  places.  This  arrange- 
ment is  therefore  now  abandoned. 

The  planks  have  also  been  laid  obliquely ^  diagonally,  or 
**  skewing ;"  so  as  to  make  an  angle  of  45  degrees  with 
the  ]\ne  of  the  road,  twelve  feet  plank  making  an  eighl- 
feet  wide  road.  This  plan  is  adopted  on  the  Longeuil 
and  Chambly  road  near  Montreal.  Its  advantages  are, 
that  the  edges  of  the  plank  are  not  worn  down  so  soon  as 
when  the  wheels  strike  them  directly,  (as  was  shown  in 
reference  to  pavements,  on  page  222  ;)  that  the  zigzag 
ends  of  the  plank  facilitate  the  getting  on  the  track ;  and 
that  there  is  less  loss  on  the  rejected,  or  **  cull"  planks  of 
12  feet,  than  on  those  of  8  feel.  But  when  a  wagon- 
wheel  comes  upon  one  end  of  a  plank  laid  thus  obliquely, 
the  other  end,  having  no  load  to  keep  it  down,  will  spring 
up,  if  not  fastened  to  the  sleeper  ;  and  if  it  is,  the  spikes 
or  pms  will  finally  be  loosened.  Each  end  of  each  plank 
undergoes  this  action  in  turn,  and  thus  the  road  is  injured 
and  broken  up.  The  first  method  of  laying  the  planks — 
at  right  angles  to  the  direction  of  the  road — is  nmcli  t^ 
be  preferred. 
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The  })lanks  must  be  laid  so  as  to  bear  equally  on  the 
sleepers,  and  on  the  ground  between  them,  depen.Unt^ 
chiefly  on  the  latter  for  their  support.  The  earth  mus* 
be  well  up  to  and  touching  the  planks  at  every  point,  for 
if  any  space  of  confined  air  be  left,  dry  rot  soon  follows 
If  any  water  be  allowed  to  get  under  the  planks,  it  forms 
a  soft  mud,  which  is  pressed  up  between  them,  and  de 
posited  on  their  surface,  thus  excavating  a  cavity  under 
them,  and  rendering  them  liable  to  move  under  passing 
loads  in  a  manner  which  soon  wears  them  out.  They 
must  also  be  laid  to  close  joints* 

Fastening. — On  the  Canada  roads  the  planks  have 
generally  been  spiked  or  pinned  down  to  the  sleepers. 
The  specification  of  the  Board  of  Public  Works  directs 
thera  to  be  spiked  "  with  one  spike  at  each  end  for  planks 
1 2  inches  wide  or  less,  and  two  at  each  end  for  planks  of 
a  greater  width.  The  spikes  are  to  be  of  the  description 
called  'pressed'  spikes,  made  of  the  best  English  or  Ca- 
nadian iron.  They  are  to  be  6\  inches  long,  f  inch 
square,  with  chisel-shaped  edges,  and  good  broad  heads, 
and  are  to  weigh  five  to  a  pound.  They  are  to  be  driven 
with  the  chisel-edge  across  the  fibres  of  the  wood." 

On  the  New  York  roads  this  has  been  considered  an 
unnecessary  expense,  since  the  loads  come  equally  upon 
both  ends  of  the  transverse  planks,  and  thus  tend  to  keep 
them  down  in  their  places,  their  own  weight  assisting  in 
this.  But  in  wet,  and  badly-drained  places,  a  new  con- 
sideration intervenes.  If  the  planks  are  not  fastened  down, 
they  will  float  as  soon  as  an  inch  of  water  gets  under 
them.  The  wheels  of  a  loaded  wag«n  pressing  down 
each  plank  in  turn,  drive  the  water  before  them,  till  it 
finally  attains  force  enough  to  throw  up  a  plank,  and  thus 
breftb  ip  the  road.     On  the  other  hand,  when  the  planks 

*  Ne^er  allow  the  eu  1i  on  the  sides  of  the  track  to  rise  above  tlM>  ends  of  the  plank 
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are  fastened  down,  the  whole  road  is  floated,  and  the  n- 
bralions  prodcced  by  the  passing  loads  drive  Lhe  water  oOI 

on  the  sides  and  top  of  the  road,  and  excavate  caTitieg, 
w.iich  ought  til  be  immediately  filled  up,  an  operalioo 
which  is  made  difficult  by  the  fastening  down  of  the  planks 
to  the  sleepers.  It  is  therefore  thought  better  to  leave 
the  plank  free,  and  allow  them  to  be  thrown  out  of  place, 
and  tlius  at  once  give  free  passage  to  the  water,  and  pre- 
vent further  mischief;  a  repairer  being  kept  constanlly  al 
work  upon  the  road,  and  required  in  rainy  weather  to  pass 
over  every  portion  of  it  once  or  twice  a  day.  It  might  be 
well,  as  a  compromise,  to  spike  down  planks  at  short  in- 
tervals, say  every  fifth  or  tenth  plank,  the  rest  being  well 
driven  home  against  these. 

Covering. — The  planka  having  been  properly  ]uj,-ifi 
has  been  directed,  should  be  covered  over  one  inch  ii 
thickness,  with  very  fine  gravel,  or  coarse  sand,  from 
which  all  stones,  or  pebbles,  are  to  be  raked,  so  as  to 
leave  nothing  upon  the  surface  of  the  road,  that  could  be 
forced  into  and  injure  the  fibres  of  the  plunks.  The  gril 
of  the  sand  soon  penetrates  into  the  grain  of  lhe  wood, 
and  combines  with  lite  fibres,  and  the  droppings  upon  the 
road,  to  form  a  hard  and  tougli  covering,  like  feit,  which 
greatly  protects  the  wood  from  the  wheels  and  horses' 
shoes.     Sawdust  and  tan-bark  have  also  been  used. 

The  road  is  now  ready  for  use. 


The  chief  items  in  the  cost  of  a  plank  road  are  the  tun 
ber  and  the  earth-work.  The  price  of  the  former  will 
rary  greatly  in  different  localities  and  al  different  times. 
The  cost  of  the  htter,  as  well  as  of  bridges,  culverts,  dtc- 
Will  (teueraUy  ba  different  on  eve-^  mile  of  road.     T 
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coal  of  plank  roads  in  general,  therefore,  cannni  be  defi- 
nitely stated.  The  following  estimate  gives  tlie  extremes 
On  the  plan  recommended,  the  planking  will  require, 
per  mile,  8  x  3  x  5280  =  126,720  feet ;  and  the  sleepers 
(2)  XI  x3  X  5280  =  31,680  feet;  in  all  158,400  feel; 
or,  aay,  160,000  feet,  board  measure.  Shaping  the  road- 
bed, and  laying  the  sleepers  and  planking,  costs  from  30 
cents  to  Si  per  rod,  according  as  the  line  is  new,  or  on  ati 
old  bed,  and  the  soil  easy  or  hard  to  work.  The  number 
of  gate-houses  will  be  governed  by  the  opposing  consider 
ations  of  making  them  many,  so  that  no  one  can  travel  far 
on  the  road  without  paying  therefor ;  and  few,  so  that  llie 
s  of  collection  may  be  small.  By  the  New  York 
d  law,  the  toll-gates  are  not  to  be  within  three 
■f  each  other.  The  item  of  contingencies  will  not 
Tny  relation  to  the  varying  cost  uf  the  plank,  and 
Bre  should  not  be  estimated  by  a  percentage,  as  is 
f  done  These  points  being  premised,  we  arrive 
ifollowing  estimate  of  Cost  per  mile : 

:  160  M,  ;  $4  to  SIO  per  M.;  .       $640  to  SlGOO 

ling  and  Lojitig;  30  cents  to  ♦!  per  rod,         96   "       320 
Is-hoiiBea  ;  per  mile,       ....  60   "       150 

ftineering  and  superintendence,        ,         ,         100   "       lOO 
ftlingencies,  .  .  .100   "       20O 

$986  to  $3370 

e  thus  see  that  the  cost  per  mile  will  range  from,  say, 

0  to  S2400,  exclusive  of  extra  earlh-work,  bridges, 

rls,  &c.     From  10  to  15  cents  per  cubic  yard  may 

^jWalimated  as  the  cost  of  the  excavation,  including  pul- 

.ing  it  into  embankment,  except  when  carried  over  one  or 

.  wo  hundred  feel,  (see  page  132 ;)  and  it  should  be  stip- 

Jaled  that  no  ci  tting  of  less  than  '.wo  feet  depth,  should 
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be  counted,  or  paid  for,  as  "excavation;'*  but  be  con- 
Bidered  as  included  in  the  general  price  for  laying.  In 
making  a  new  road  through  a  forest,  the  clearing  and 
grubbing  will  be  a  new  item  of  expense.  Add  ten  per 
cent,  upon  the  cost  of  these  items  for  contingencies  inci- 
dent to  them.     The  land  is  supposed  to  be  given. 

The  Syracuse  and  Central  Square  plank  road,  16 
miles,  cost  $1487  per  mile,  with  lumber  at  $5.20  per  M. 
It  has  a  single  eight-feet  track,  except  over  a  few  spots  of 
yielding  sand.  The  Rome  and  Oswego  road,  62  miles, 
cost  $80,000,  or  about  $1300  per  mile ;  lumber  costing 
from  $4  to  $5  per  M.  It  is  of  eight  feet  hemlock  plank, 
three  to  four  inches  thick ;  with  grades  cut  down  to  1  in 
20  near  Rome,  and  at  the  western  end,  where  it  is  more 
billy,  to  1  in  16^.  The  Utica  northern  road,  22  miles, 
rost  $42,000,  (besides  $8000  for  right  of  way  over  a  turn- 
pike,) being  nearly  $2000  per  mile,  five  miles  being  a  new 
line  cut  through  woods,  at  an  extra  cost  for  clearing,  of 
$500  per  mile.  Deduct  this,  and  the  avercige  cost  would 
be  about  $1800  per  mile.  A  short  road  near  Detroit^ 
eight  feet  wide,  laid  on  a  travelled  roadway,  cost,  with 
lumber  at  $6  per  M.,  $1500  per  mile.  | 

The  first   New   York   road    (Syracuse    and    Central 
Square)  was  not  built  by  contract,  but  by  days'  work,  so 
as  to  ensure  the  perfect  bedding  of  the  timbers.     It  was 
also  found  that  the  work  was  done  at  a  less  cost  than  the 
bids  of  contractors,  who  made  such  offers  as  would  se- 
cure them  against  loss  in  a  work  then  new  and  untried. 
In  a  road  where  there  was  much  earthwork,  that  at  leas4  . 
should  be  let  by  contract.   The  road  should  also  be  divideol 
into  quarter-mile  sections,  and  the  lumber  for  each  be  i 
contracted  for,    o  be  equally  distributed  along  the  line*    1 
when  delivered     The  actual  laving  upon  the  graded  b< 


could  ilien  be  done  by  days'  work.  All  tlte  operalionE 
should  be  under  ihe  charge  of  an  inlelligenl  and  eflicieni 
engineer. 

DirBA.BIliTT, 

A  plank  road  may  require  renewal,  either  because  il 
hag  been  worn  out  at  top  by  the  travel  upon  it,  or  because 
h  has  been  destroyed  at  boltona  by  rot.  But,  if  the  road 
have  travel  enough  lo  make  it  profitable  to  its  builders,  it 
will  wear  out  first ;  and  if  it  does  so,  il  will  have  earned 
abundantly  enough  lo  replace  it  twice  over,  as  we  shall 
see  presently.     The  habrlJly  lo  decay  is  therefore  a  sec 

dary  consideration  on  roads  of  importance. 

Wear. — The  aclual  wear  is  of  course  proportioned  » 

i  amount  of  travel-  The  most  definite  results  have 
been  obtained  on  [he  first  New  York  road,  that  fro>>  Siu— 
acuse  lo  Central  Square.  In  its  first  two  years,  jiidiiiji  _ 
July,  1848,  more  than  160,000  teams  passed  over  its  fgrst 
eight  miles.  This  travel  wore  its  hemlock  plank  down 
one  inch,  where  [hey  had  not  been  floated.  Another  incli 
could  be  worn  down  before  the  projeciions  of  the  knots 
would  make  il  necessary  lo  relay  the  road,  so  that  it 
nou.d  have  borne  the  passage  of  320,000  teams.  But 
this  is  an  under-csiimale,  inasmuch  as  the  wear  and  teai 
of  the  first  year  is  more  than  tlial  of  several  following ; 
-since  ihe  first  travel  upon  the  road  tears  off  the  outer 
;8plinters  and  fibres  cross-cut  by  the  saw,  while  tlie 
coaling  subsequently  formed  protects  the  plank  frocn 
wear.  Upon  a  Canada  pine  road,  travelled  over  by  at 
least  150  two-horse  teams  per  day,  (50,000  per  year.)  the 
foad  had  worn  down  in  two  years  only  one-quarter  of  an 
inch  :  and  this  too  was  attributed  chiefly  to  its  exposure 
the  first  year    without  sanding.     Il  was   estimated   tJial 
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sanded  plarik  on  this  road  would  wear  at  least  ten  years. 
Oak  would  of  course  wear  longer. 

Decay. — As  to  natural  decay,  no  hemlock  road  has  as 
yet  been  in  use  long  enough  to  determine  how  long  the 
plank  can  be  preserved  from  rot.     Seven  years  is  per- 
haps a  fair  average.     Different  species  of  hemlock  vary 
greatly  ;  and  upland  timber  is  always  more  durable  than 
that  from  low  and  wet  localities.     The  pine  roads  in 
Canada  generally  last  about  eight  years,  varying  from 
seven  to  twelve.     The  original  Toronto  road  was  used 
chiefly  by  teams  hauling  steamboat  wood,  and  at  the  end 
of  five  years,  began  to  break  through  in  places,  and,  not 
being  repaired,  was  principally  gone  at  the  end  of  ten 
years.      Having  been  poorly  built,  badly  drained,   not 
sanded,  and  no  care  bestowed  upon  it,  it  indicates  the 
minimum  of  durability.     Oak  plank  cross-walks  in  De- 
troit, the  plank  being  laid  flat  on  the  ground,  have  lasted 
two  or  three  times  as  long  as  those  of  pine.     It  is  be- 
lieved that  oak  plank,  well  laid,  would  last  at  least  12 
or  15  years.     One  set  of  sleepers  will  outlast  two  plank- 
ings ;  several   Canada  roads  have  been  relaid  upon  the 
old  sleepers,  thus  much  lessening  the  cost  of  renewal. 

A  Canadian  engineer  thinks  that  $20  per  mile  would ' 
be  required  the  first  year;  to  restore  the  grade  where  v 
it  had  settled,  to  fasten  loose  plank,  &c.  For  the  neirt- 
five  years,  $10  per  mile,  and  then  there  would  bo  some- 
planks  to  be  replaced.  The  repairs  would  then  increase 
so  as  to  amount  to  a  renewal  of  the  surface  at  the 
end  of  four  years  more,  making  ten  for  the  age  of  the 
road. 
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ADVANTAOEei. 


Platik  roads  are  the  Farmer's  Railroads.  He  profits 
moet  by  their  conslruction,  thougli  all  classes  of  the 
community  are  benefited  by  any  such  im  prove  men  t, 
■IS  has  been  fully  shown  in  the  "  Introduction"  to  this 
volume.  The  peculiar  merit  of  plank  roads  is,  that  the 
great  diminution  of  friction  upon  them  makes  them  more 
akin  to  railroads  than  to  common  roads,  with  the  advan- 
tage  over  railroads,  that  every  one  can  drive  his  own 
wagon  upon  them.  Their  advantages  naturally  divide 
themselves  into  two  classes  ;  their  utility  to  tne  commu- 
nity at  large,  and  their  profits  to  the  stockholders  who 
buiid  them. 

1.  To  the  community.  A  horse  can  draw  on  a  plank 
road  from  tuso  to  three  times  as  much  as  he  can  on  an 
ordinary  Macadam  or  good  common  road.  On  the  i.aiit  ■■ 
roads  one  ton  is  a  fair  load  for  a  single  horse,  uiki  iiUf>i' 
lbs.  the  utmost  allowance.  But  upon  a  plan4  roiJ,  „ 
Iwo-horse  team  has  drawn  six  tons  of  iron  ;  anoUier  lias 
jW'ji,  for  several  days  in  succession,  over  two  cords  of 
■  beech  and  maple  wood, 'estimated  at  six  tons  also, 
Ibtild  draw  four  or  five  tons,  thirty  miles  a  day  con- 
isly.  These  results  of  experience  agree  with  llie 
ions  founded  on  the  data  of  p.  62,  taking  the  fric- 
1  Macadam  road  at  ;-,-,  (the  average  of  the  two 
s  there  given,)  and  that  on  planks  at  jV-  The  rc- 
hg  raLio  is  2^  to  1. 

1  great  degree  of  speed  can  also  be  obtamed  upon 

lads  with  much  less  injury  to  the  vehicles  and  to 

'  'iorsea  feet  tlian  on  a  Macadam  road,  though  contrary 

Mressions  have  sometimes  been  caused  by  the  excessive 

|ed  with  which  their  light  draught  often  causes  horses 

.^be  driven,  wiihout  the  driver  being  aware  of  it      Eigbi 
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velocity  of  the  train  would  compensate  for  the  increaseil 
resLBlance  of  quite  a  steep  grade. 

Tlie  cost  of  draught  on  a  railroad  ia  nearly  as  ihe  powe 
employed,  so  that  It  will  cost  nearly  twice  aa  much  I 
carry  a  load  on  a  railroad  with  an  ascending  grade  of  84 
feel  lo  liiG  mile,  na  to  carry  it  on  a  level  route,  Tli» 
consideration  will  thcri;fore  justify  large  expendilurea 
upon  the  excavations,  embankments,  &c.,  of  a  railroad^ 
with  a  view  of  reducing  its  grades.  -The  propriety  of 
such  expenditures  is  lo  he  delerniined  by  comparing  ilw 
annua!  interest  of  the  amount  with  the  annual  saving  a 
power  ever  after,  in  drawing  the  expected  loads  over  th( 
fialtened  road, 

Bui,  on  the  other  hand,  this  principle  may  be  carried  lo 
excess.  These  great  expenses  for  graduation  shotitd  he 
incurred  only  wlien  maximum  loads  are  to  be  constantly 
carried  at  higli  speeds,  as  on  important  leading  lines  of 
great  traffic.  Much  steeper  grades,  than  would  be  olher- 
wi^^e  allowable,  may  be  adopted  on  roads  on  which  maxi- 
mum loads  are  not  often  carried,  and  on  which  the  trains  are 
rctjuired  for  public  convenience  to  go  often,  and  will 
therefore  generally  go  light.  The  engine  may  be  able  lo 
druw  400  Ions  on  a  level,  and  may  seldom  have  more 
than  100  to  draw.     In  such  cases  the  true  economy  is. 

tho  load  wliich  [lie  same  power  can  draw  up  ha  ur^cal  uf  ID  ffot  pic 

Uere/s  lOJ,  Bud  A  =i  10.     By  the  ahave  formulu, 

Lnsd  dp  Bsccat 


Tho  loud  lip  Ihe  BweoL 

KT  nf  locomolivi**,  n 
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2.  To  the  stockholders.  The  annual  profits  of  a 
plank  road  will  of  course  be  governed  by  the  two  ele- 
ments of  its  first  cost,  and  the  amount  of  travel  upon  it 
"^rhe  latter  should  be  approximately  determined  in  ad- 
vance, as  directed  on  page  66.  One  important  point 
has,  however,  been  determined  with  considerable  accu- 
racy, viz. :  how  much  a  road  will  earn  before  it  is  worn 
out.  Upon  the  first  eight  miles  of  the  Syracuse  and 
Central  Square  plank  road,  the  tolls  during  its  first  two 
years,  ending  July,  1848,  amounted  to  $12,900,  and  the 
expenses  for  salaries  and  repairs  to  $1,500;  leaving 
$11,400  for  dividends  and  rebuilding.  This  amount  of 
travel  had  worn  the  plank  down  one  inch.  Another  inch 
could  be  worn  down  before  a  renewal  woold  be  neces- 
sary, and  the  road  would  then  have  earned  $22,800 
above  expenses,  or  $2,850  per  mile.  This  experience 
indicates  that  hemlock  plank  before  being  worn  ouU  will 
earn  two  or  three  limes  their  original  cost.  The  surplus 
above  the  cost  of  renewal  will  therefore  be  payable  in 
dividends,  amounting  in  gross  to  between  100  and  200 
per  cent,  upon  the  first  cost  of  the  plank,  (that  of  the 
whole  road  bearing  no  constant  ralig  to  this  ;)  the  amount 
of  eacA  annual  dividend  being  of  course  greater  the  more 
rapidly  this  wearing  out,  with  its  concomitant  and  pro- 
portional earning,  takes  place. 

This  calculation  is  predicated  on  the  tolls  established 
by  the  New  York  Plank  Road  law,  which  are  as  follows  : 
For  any  vehicle  drawn  by  two  horses,  (kc,  1|  cents  per 
mile,  and  ^  cent  for  each  additional  animal ;  for  vehicles 
drawn  by  one  horse  f  cent  per  mi.e;  for  a  horse  and 
rider,  or  led  h  orse,  ^  cent ;  for  every  «core  of  sheep. 
sWine^  or  neat  cattle,  one  cent  per  mile.    But  the  com* 
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wilh  the  smallesl  evpendilure  ol  power.  If  a  chcfip 
lliough  inferior  toad  will  accommudale  llie  traffic  expect 
ed,  lei  such  a  one  lie  made. 

Ill  compiiring  Iwo  roada  beiwcen  the  same  points, 
of  which  is  level  and  the  other  has  a  summit,  readied  bj 
an  ascending  grade,  succeeded  by  a  descending  one,  il 
must  not  be  overlooked  that  there  is  a  certain  degree  of 
compensating  power  in  the  descent.  As  to  hnw  much  of 
the  power  lost  in  the  ascent,  is  gained  by  the  assistance 
of  gravity  in  the  descent,  there  is  great  difference  uf 
opinion.  Il  was  formerly  supposed  that  on  descent! 
steeper  than  the  angle  of  repose,  I  in  280,  or  19  feet  I 
the  mile,  the  cars  would  be  accelerated  by  the  force  of 
gravity,  (which  is  just  balanced  by  friction  at  that  incli- 
nation) and  that  the  brake  would  then  need  to  be  ii 
plied,  so  that  beyond  that  limit  no  more  assistance  could 
be  derived  from  gravity.  But  it  has  been  found  by  recent- 
experiments  that  ihe  resistance  of  the  air  to  the  motion  of  , 
cars  is  far  greater,  and  increases  with  the  speed  much.' 
faster,  than  had  been  imagined.  This  resistance,  there- 
fore, opposes  Ihe  accelerating  tendency  of  gravity  with  ft 
force  increasing  with  the  velocity,  so  that  trains  of  car* 
may  safely  descend  inclinations  of  60  feet  lo  the  mile.  On 
planes  of  53  feet  to  the  mile,  trains  have  commenced 
the  descent  at  a  speed  of  40  miles  per  hour,  bul  ioalead' 
of  this  velocity  being  increased,  it  was  reduced  to  30 
miles  per  hour.  Railroads  may  therefore  be  laid  out 
with  grades  of  nearly  60  feet  to  the  mile,  with  little  or  no' 
loss  of  power  in  the  descent ;  and  there  ia  little  practical' 
loss  of  power  in  the  ascent,  if  the  loads  are  such  as  do 
not  task  the  engines  to  their  full  power  on  the  level  por 
lions  of  the  road.  In  England  it  has  been  foand  thM 
oheap  lines  with  steep  grades  have  not  cost  much  more  to 
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necessary  annual  repairs.  But  even  if  a  plank  road  was 
still  more  perishable  than  it  is,  and  was  worn  out  in  one 
year,  still,  if  in  that  time  it  had  repaid  its  cost  two  or 
three  fold,  (as  we  have  seen  it  would  do,)  it  would  be  so 
much  the  more  profitable  investment ;  and  this  is  the 
final  object  of  all  private  engineering  constructions. 

It  should  not  be  forgotten  by  the  engineer  engaged  in 
laying  out  a  road  for  a  private  company,  that  their  inter- 
ests, and  those  of  fhe  public  who  are  to  use  the  road,  are 
not  identical.  The  public  wish  the  road  to  be  so  laid  out 
that  they  can  carry  over  it  the  greatest  possible  loads  at 
the  least  possible  cost.  The  stockholders  generally  wish 
only  to  secure  to  themselves  the  largest  possible  amount 
of  tolls  in  return  for  the  smallest  possible  investment. 
These  two  interests  conflict.  The  steep  ascents,  so  in- 
jurious to  the  travelling  public,  as  shown  on  pp.  231-3, 
are  advantageous  to  the  company  who  plank  the  road, 
since  they  prevent  large  loads  being  carried,  and  thus 
produce  a  twofold  gain — the  amount  of  tolls  being  pro- 
portioned to  the  number  of  the  loads,  and  not  (as  they 
should  be)  to  their  weight ;  and  the  carriage  of  such  ex 
cessive  ones  as  would  break  defective  plank  being  thus 
prevented.  The  engineer  of  the  company  must  therefore 
sacrifice  the  absolute  perfection  of  his  road  to  this  requisi- 
tion of  policy,  and  may  leave  steep  ascents  untouched,  thus 
saving  the  first  cost  of  cutting  them  down,  as  well  as  in- 
creasing the  subsequent  receipts.  But,  on  the  other  hand, 
if  the  grades  of  the  road  be  not  sufficiently  improved,  ii 
may  not  attract  the  expected  amount  of  Vavel.  A  pru- 
dent compromise  must  therefore  be  made  between  these 
opposing  interests 
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P»Tement«  formed  of  wooden  blocke,         ^'    [_ 

utually  hexagonal  in  shape,  possess  / 
many  adrantages.     They  cause  little  ^ 
resisiance  to  draught ;  are  almost  en- 
tirely   free    from    noise  ;    are    easily 
kept  clean  ;  arc  easy  to  a  horse's  ha 
lessen  very  much  the  near  and  tear  ( 
of  rehicles ;   are  pleasant  to   travel- 
lers ;  admit  of  great  speed,  and  are  c] 
rosl  than  granite  blocks. 

To  counterbalance  these  recommendations,  they  an 
slippery  and  therefore  dangerous  in  wet  weather  ;  and  are 
very  perishable,  both  from  wear  and  from  decay,  Tlie 
slipperineas  has  been  obTiated  by  grooving  and  striating 
their  surface,  but  this  lessens  their  ease  of  draught  and 
iioiselessness,  and  increases  their  cost."  The  rapidity  of 
ilioir  wear  may  be  lessened  by  setting  them  on  a  fourwla 
lion  of  broken  stone,  or  of  concrete,  so  shaped  as  to  rap 
idly  drain  the  water  from  their  bottoms  ;  and  by  covering 
their  surfaces  with  a  mixture  of  boiling  tar  and  clean 
gravel.  Their  decay  may  be  prevented  by  various  chem 
ical  preservatives,  of  which  the  principal  are,  Kyan's,  who 
saturates  the  wood  with  a  solution  of  bichloride  of  mei 
ciiry  or  corrosive  sublimate  (one  pound  to  five  gallons  ot 
water);  Burnett's,  who  uses  a  solution  of  chloride  of  zinc, 
(one  pound  to  ten  gallons  of  water)  absorbed  in  a  vacuum ; 
Renwick's,  with  coal  tar ;  and  Boucherie's,  with  the  im- 
pure pyrolignite  of  iron,  absorbed  by  the  vital  action  of 
the  sap  vessels. 

•  A  4B«criplion  of  vsrious  forrai  proposed  for  wooden  pavcmeDti  mtf 
be  tonad  in  the  N.  Y.  American  Repoailory,  vol.  iiL  ;  Bnil  in  London  U» 
oheniee'  Maguiinc,  and  Rcpertorv  of  Paleul  lavputioiw.  pattim. 
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9.  ROADS  OF  OTHBB  UAT^KULS. 

Koads  are  made  in  Holland  of  hard  burnt  bricks,  or 
"clinkers,"  laid  on  a  firm  foundation,  and  set  on  edge, 
with  their  longest  dimension  across  the  road.  A  better 
bond  would  be  obtained  by  Fig.  I17. 

such  an  arrangement  as  is 
shown  in  the  figure.  But 
the  pressure  of  heavy  loads 
and  the  blows  of  horses' 
feet  are  too  powerful  for 
bricks,  which  should  therefore  be  reserved  for  foot-pave 
ments  only. 

CONCRETE. 

Hoads  of  concrete,  or  beton,  six  to  eight  inches  thick 
(such  as  has  been  described  as  the  best  foundation  for 
granite  blocks)  have  been  warmly  advocated  in  France, 
particularly  for  the  use  of  steam  carriages,  in  the  place 
of  the  more  costly,  though  more  perfect  railroads.  Con- 
crete will  sustain  great  weights,  carried  on  wheels,  with 
little  injury,  but  has  been  found  (on  the  lowpath  of  a  ca- 
nal aqueduct)  to  be  rapidly  destroyed  by  the  feet  of 
horses. 

This  material  has  been  tried  several  times,  but  aban- 
doned in  consequence  of  its  wearing  so  smooth  as  to 
usuae  horses  to  slip 
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Bteam  generated  by  the  boiler,  aod  therefore  to  double 
either  its  length  or  its  diameter.  The  length  of  its  Aun 
cannot  be  advantageously  increased  ;  therefore  the  en 
largement  must  be  that  of  its  breadth.  To  effect  thi*, 
more  space  between  the  wheels  is  needed,  and  to  gel  it,  a 
wider  track  is  required. 

Even  if  it  be  not  required  to  carry  great  loads  at  high 
speeds,  the  surface  of  the  boiler,  being  larger,  may  He 
less  intensely  heated,  and  will  therefore  last  longer. 

As  larger  driving  wheels  may  be  used  on  the  wide 
track,  their  adoption  will  enable  greater  speed  to  be  at- 
tained without  increasing  the  rate  of  motion  of  the  piston. 
The  expansive  force  of  steam  may  therefore  be  employed. 

The  larger  and  more  powerful  engines  will  do  more 
work,  with  uo  more  men,  than  smaller  ones.  In  them 
there  is  therefore  the  same  economy  as  in  large  ships. 

OBJECTIONS  TO  THE  BROAD  OAUOE. 

More  ground  is  required  ;  and  the  excavations  and  em 
bankments  are  wider,  and  therefore  more  expensive, 

The  axles  must  be  heavier  to  have  the  same  slrenglli  as 
before. 

There  is  an  increased  resistance  on  the  curves,  in  con- 
iequence  of  the  increased  sliding  of  the  inner  wheels, 
which  is  equal  (as  was  seen  on  page  273)  to  the  differ- 
ence bctv/een  the  lengths  of  the  outer  and  inner  rails,  and 
therefore  proportional  to  the  difference  of  the  respective 
radii  of  the  curves. 

The  larger  engines  of  the  broad  gaug.^  roads  have  more 
power  than  is  generally  needed,  and  therefore  part  of  it  ii 
practically  wasted. 

But  on  the  whole,  for  a  great  road,  the  advantages  uf 
the  broad  gauge  would  indispntablj  o»erpoww ibe  t^jpB* 


ROADS    WITH    TRACKWAYS.  257 

7.  ROADS  WITH  TRACKWAYS. 

When  wheeled  carriages  are  drawn  by  hoises,  the 
wheels  should  move  on  the  smoothest  and  hardest  sur 
face  possible,  while  the  horses  require  one  rough  enough 
to  give  them  a  secure  foothold,  and  soft  enough  to  be 
easy  to  their  feet.  These  two  opposite  requirements  are 
united  only  in  Roads  with  Trackways,  on  which  two 
parallel  tracks  of  suitable  materials  are  provided  to  re- 
ceive the  wheels,  while  the  space  between  the  tracks  is 
filled  with  a  diflferent  material,  on  which  the  horses  travel. 
The  wheel-tracks  are  usually  of  stone,  of  wood,  or  of  iron. 

STONE    TRACKWAYS. 

The  Egyptians  seem  to  have  first  discovered  the  value 
of  stone  trackways  in  moving  great  weights,  for  traces  of 
such  contrivances  have  been  found  in  the  quarries  which 
supplied  the  enormous  stones  of  their  Pyramids.  In 
modern  times  they  reappeared  in  the  streets  of  Pisa,  and 
are  now  general  in  those  of  Milan.  They  have  of  lale 
years  been  used  with  great  advantage  in  London,  upon  a 
road  over  which  260,000  tons  annually  passed,  in  wagons 
carrying  each  five  tons.  The  repairs  of  this  road  for 
thirteen  years  cost  less  than  one  hundred  dollars.  The 
friction  upon  this  stone  trackway  was  so  much  reduced 
(being  only  t}^-  of  the  weight)  that  a  small  horse  (weigh- 
ing 4^  cwt.)  could  draw  on  a  level  15  tons ;  and  a  pow- 
erful horse  (weighing  14  cwt.)  30j  tons,  at  the  rate  of  4 
miles  per  hour.  On  this  road  the  tracks  were  blocks  of 
granite  5  or  6  feet  long,  16  inches  wide,  and  12  inches 
deep.     The  space  between  them  was  paved.* 

♦  Parnell,  p.  106 


&5S  lUPROTEHEIrr   OF   THE    aURFAt:!;. 

A  similar  trackway  of  stone  has  been  used  wiih  grea 
advantage  to  facilitate  the  ascent  of  a  steep  hill,  as  a  sub 
stilulc  for  reducing  the  inclination.  Upon  the  Holyhead 
road,  two  hilU,  each  a  mile  in  length,  hud  an  inclination 
of  I  in  20.  To  reduce  this  to  1  in  24  would  have  co3l 
8100,000.  Nearly  the  same  advantage,  in  diminishing 
the  tractive  force  required,  vras  obtained  by  moderate 
cutting  and  embankment,  and  making  Klone  trackways,  at 
a  total  expense  of  less  than  half  the  former  amount.  To 
draw  one  ton  over  the  original  hills  required  a  power  of 
294  lbs. ;  to  draw  it  over  the  trackways  laid  on  the  same 
inclinations  required  only  132  lbs.;  so  that  the  tractive 
force  was  reduced  more  than  one-half  by  this  improve 
ment ;  and  the  effect  was  the  same  as  if  the  bill  had  been 
cut  down  to  a  level,  its  surface  remaining  unchanged 
The  arrangement  of  this  trackway  is  shown  in  Fig.  US 


The  b  ocka  we  e  of  g  an  e  we  e  nchea  deep  fourteen 
inches  wide,  and  not  less  llian  Tour  feet  long.  A  fonndMion 
for  them  was  prepared  by  making  an  excavation,  8  feet  wide 
anil  35  inches  deep.  On  ila  levelled  bottom  was  laid  a  rotigb 
pavement  (like  ihal  described  fur  the  "  Telford  road,"  page 
810)  eight  inches  deep.  The  joints  were  also  filled  with 
gravel.  Upon  this  pavement  "  ere  laid  three  inches  of  broken 
Btonee,  none  exceeding  one  and  a  half  inches  in  theii  longesi 
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dimensiona.  On  them  was  a  layer  of  two  inches  of  the  best 
gravel,  over  which  a  heayy  roller  was  passed.  Upon  this  the 
stone  blocks  qr  '*  trams"  were  laid  to  a  very  accurate  level. 
The  spaces  between  and  outside  of  them  were  filled  up  to  a 
depth  of  six  inches  with  broken  limestone.  On  each  side  of 
the  blocks  was  placed  a  row  of  paving-stones  of  granite,  six 
inches  deep,  five  inches  wide,  and  nine  inches  long.  The  re- 
maining space  was  filled  up  with  hard  broken  stone,  and  the 
whole  covered  with  a  top  dressing  of  an  inch  of  good  gravel.* 

WOODEN    TRACKWAYS. 

In  districts  where  timber  abounds,  it  raciy  be  substituted 
(or  stone  in  forming  tracks,  on  which  the  wheels  of  or- 
dinary vehicles  may  run.  Projections  on  the  sides  of  the 
tracks  may  be  employed  to  retain  the  wheels  upon  them, 
but  the  moisture  retained  in  the  joints  would  cause  rjtpid 
decay,  and  if  any  such  precaution  be  thought  necessary, 
a  furrow  or  gutter  in  one  of  the  tracks  would  be  prefera- 
ble.t  It  would  of  course  be  necessary  in  this  case,  that 
the  road  should  everywhere  have  suflScient  inclii  alion  to 
carry  oflf  the  water,  which  would  otherwise  fill  the 
furrow. 

Fig.  119. 


The  road-bed  should  first  be  properly  shaped,  with  an 
inclination  each  way  from  the  centre,  and  the  timbers  be 
completely  imbedded  in  it.  Two  tracks  should  be  laid, 
for  the  travel  in  the  two  directions.  A  faster  vehicle, 
overtaking  a  slower  one,  could  easily  leave  the  track  and 

•  Pamell,  p.  109. 

t  See  report  of  Mr   Jna  S.  Williams,  American  Mecha.iies*  Maga 
mie,  p.  310 
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re-enter  it  after  passing.  The  outside  timber  of  each 
track  should  be  smooth  on  its  upper  surface,  and  the 
inner  one  have  hollowed  in  it  a  furrow,  about  3  inches 
deep,  4  inches  wide  at  bottom,  and  twice  that  at  top. 
The  flat  timber  should  be  wide  enough  to  allow  for  the 
usual  variation  in  the  widths  of  vehicles.  The  rise  of  the 
road  between  the  two  timbers  should  just  equal  the  depth 
of  the  furrow,  so  that  the  two  wheels  may  be  on  the 
same  level.  The  distance  between  the  centres  of  the 
timbers  should  he  about  5  feet ;  between  the  two  tracks  a 
space  of  four  feet  should  be  left ;  and  on  the  outside  of 
each,  nine  and  a  half  feet  for  a  summer  road,  making  a 
total  width  of  33  feet,  or  two  rods. 

The  railroad  from  Clifton  to  the  Adirondack  mines, 
New  York,  is  made  of  wooden  rails.  They  are  of  hanl 
maple,  6  by  4  inches,  and  14  feet  long.  They  are  set  on 
edge  into  notches  in  the  ties,  and  are  fastened  by  wooden 
wedges. 


IRON    TRACKWAYS. 


The  wooden  tracks,  adopted  more  than  two  centuries  ago 
in  the  coal-mines  of  England,  were  before  long  covered 
with  thin  plates  of  iron  to  increase  their  durability  and  tc 
lessen  their  friction,  and  subsequently  replaced  by  tracks 
entirely  of  iron.     While  a  flange  on  Fig.  120 

their    sides   was    used   to   keep   car-  \     : 

riages  upon  them,  they  were  *'  tram- 
roads,"  but  when  the  flange  was 
transferred  from  the  road  to  the  wheel, 
the  trackway  became  a  Railway. 
The  extent  of  this  topic  demands  for 
it  a  separate  chapter 
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CHAPTER  ^ . 

RAIL-ROADS. 

**  Nothing  can  do  more  barm  to  the  adoption  of  railroads,  than  the 
promulgation  of  such  nonsense  as  that  we  shall  see  locomotive  enguioe 
travelling  at  the  rate  of  12,  16,  18,  and  20  miles  per  hour!'* 

Wood,  on  Railroads,  1825. 

**  An  express  train  on  the  Great  Western  Railway,  drawing  59  tons, 
has  travelled,  for  three  hours,  at  the  rate  of  63  miles  per  hour !" 

Ritchie,  on  Railways,  1846. 

The  great  success  and  rapid  extension  of  railroads,  are 
due  to  that  appreciation  of  the  value  of  time,  which  is 
ihe  characteristic  of  the  present  age.  The  speed  obtained 
upon  them  virtually  and  practically  shortens  distances  in 
the  precise  ratio  in  which  it  abridges  the  time  occupied 
in  travelling  over  them. 

The  rapidity  of  motion  and  power  of  traction,  which 
are  attainable  on  railroads,  depend  on  their  diminution  of 
friction.  This  is  the  chief  element  in  the  improvement 
of  the  surface  of  all  roads,  and  in  the  preceding  chapter 
we  have  considered,  in  the  order  of  their  progressive 
merits,  the  various  means  which  may  be  employed  foi 
that  object.  In  railroads  we  have  arrived  at  their 
climax. 

The  essential  attributes  of  a  railroad  are  two  smooth 
surfaces,  usually  of  iron,  for  the  wheels  to  run  upon. 
These  surfaces  must  be  made  as  narrow  as  possible,  tc 
lei?sen  their  cost,  and  some  contrivance  to  keep  the  wheels 
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upon  them  is  then  rendered  necessary;  the  usual  one  at 
present  being  a  projection,  or  "  flange,"  on  the  inner  rim 
of  the  wheel. 

Since  the  peculiar  wheels,  which  are  the  chief  source 
of  the  superiority  of  railroads,  prevent  the  vehicles  which 
are  adapted  to  run  upon  them,  from  being  used  on  ordinary 
roads,  railroads  pass  out  of  the  practical  scope  jof  the 
present  treatise ;  for  the  details  of  their  construction  no 
longer  belong  to  the  community  at  large,  but  demand  the 
highest  professional  skill  of  the  Civil  Engineer.  The 
general  interest,  however,  in  the  subject  of  railroads 
seems  to  demand  some  explanation  of  the  leading  princi- 
ples which  should  govern  those  engaged  in  their  establish- 
ment, and  some  account  of  the  ingenious  contrivances 
which  have  been  adopted  to  overcome  the  difliculties, 
which  have,  one  after  another,  risen  up  in  vain  efforts  to 
stop  the  progress  of  the  giant.  A  brief  popular  view  of 
these  topics  (without  the  minute  practical  details  willi 
which  the  subject  of  roads  in  general  has  been  treated) 
will  accordingly  be  given  in  the  present  chapter.* 

Wooden  railways  were  employed  as  a  substitute  for 
common  roads,  in  the  collieries  of  England,  soon  after  the 
year  1600.t  The  earliest  record  of  their  existence  is  in 
the  life  of  the  Lord  Keeper  North,  wherein  it  appears  that 
about  the  year  1670,  they  were  used  at  Newcastle-on- 
Tyne,  for  transporting  coal  from  the  mines  to  the  river, 
and  enabled  one  horse  to  draw  four  or  five  chaldrons. 


*  The  principal  authorities  consulted  have  been  Lecount,  "  Treatise 
on  Railways,"  from  the  seventh  edition  of  the  Encyclopedia  Britannica; 
Ritchie, "  On  Railways ;"  Professor  Vignoles^  Lectures ;  and  the  reports 
and  discussions  in  the  "  Civil  Engineer  and  Architect's  Journal ;' 
"Journal  of  the  Franklin  Institute;"  **  American  Railroad  Journal,"  &c 

t  Ritchie  on  Railways,  p.  19. 
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Subsequently  these  wooden  rails  were  covered  with  plates 
of  iron  ;  but  the  introduction  of  rails  wholly  of  iron  seems 
not  to  have  taken  place  till  1767.*  A  projection,  or 
flange,  on  the  outer  side  of  the  rails,  kept  the  wheels  of 
carriages  upon  them.  They  were  then  called  "  Tram- 
roads."  The  objections  to  them  were  the  broad  surface 
of  the  plate,  which  collected  obstructions  upon  it,  and  the 
gieat  friction  of  the  wheels  against  the  side-flange. 

In  1789,  was  constructed  the  first  public  railway  in 
England,  at  Loughborough,  by  Mr.  William  Jessop,  and 
he  introduced  cast  iron  edge-rails,  and  wheels  with  the 
flanges  cast  upon  them  instead  of  on  the  rail.  **  Tram- 
roads"  were,  however,  still  in  use  in  1808.t 

In  1803,  malleable  iron  rails  were  first  tried,  but  not 
approved  of.  In  1808,  they  were  introduced  into  some 
coal  works  in  Cumberland,  and  used  with  complete  suc- 
cess.J  Since  that  time  they  have  become  almost  univer- 
sal, and  have  been  formed  into  a  great  variety  of  shapes, 
the  best  of  which  will  be  noticed  in  the  section  on  "  Con- 
struction." The  progress  from  the  use  of  horse  power  to 
locomotives  of  the  present  power  and  speed,  will  be  in- 
cluded in  the  examination  of  "  Motive  powers." 

In  our  condensed  sketch  of  the  extensive  subject  of 
Railroads,  divisions  and  subdivisions,  analogous  to  those 
of  the  previously  examined  topic  of  roads  in  general,  will 
be  employed,  and  thus  the  coincidences,  and  the  differ- 
ences, of  the  principles  appropriate  to  each,  will  be  made 
more  prominent  and  striking. 

The  following  is  an  outline  of  the  proposed  arrange 
ment: 


*  Hornblower'B  Report  to  Houto  of  Commons  in  1811. 

i  Ritchie,  p  23.  t  R.  StevenMu's  Report,  18ia 
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I.  What  Railroads  ought  to  be. 

To  determine  '*  What  Railroads  ought  to  be/'  it  is  first 
necessary  to  ascertain  what  are  the  Resistances  to  motion 
upon  them  which  we  must  seek  to  overcome  or  diminish. 
The  nature  and  amount  of  these  resistances  upon  a 
straight  and  level  road  will  be  first  examined,  Rnd  then 
their  increase  on  curues*  and  on  ascents.'f 

resistances  on  a  STRAIGHT  A\D  LEVEL  ROAD. 

The  amount  of  these  resistances  has  been  usually  ta- 
ken at  8  lbs.  to  a  gross  ton  of  2240  lbs  ;  or  1  lo  280 ;  i.  e 
it  was  assumed  that  a  weight  of  eight  pounds  suspended 
from  a  cord  passing  over  a  pulley,  and  allowed  to  descend 
by  its  own  gravity,  (as  down  a  well)  would  draw,  on  a 

—        I.  - 

*  See  page  278.  t  ^^^  P^^  ^'^^ 
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str^iglil  and  level  railroad,  a  car  aU.iclied  to  tlje  olliei 
end  of  l)ie  cord,  and  weighing  one  ton  ;  or  that  I  pound 
would  thus  draw  280  lbs.  But  laU-r  expcrirnenls  have 
sliotvn  tfiat  tlie  resistance  varies  with  llie  velocity;  that 
il  is  10  lbs.  per  ton  at  a  speed  of  13  miles  per  iiour,  and 
over  50  lbs.  ai  GO  miles  per  hour.  The  most  satisf;ictory 
ADilysis  of  ii,  is  given  by  tiie  following  empirical  formula, 
tiediiced  by  Mr.  Scott  Russell  (and  communicated  lo  the 
British  association  in  1846)  from  experiments  on  five  dif- 
ferent railroads,  mostly  of  the  narrow  gauge. 

The  resistance  has  three  principal  elements  ;  Friction, 
Atmosphere,  and  Concussion. 

The  first  resistaoce  is  that  of  the  Friction  proper  of  the 
wheels  and  axles.  It  is  constant  at  all  velocities,  and 
amounts,  in  the  best-constructed  carriages,  to  6  lbs.  per 
ton  weight  of  train." 

The  second  resistance  is  that  of  the  Air-  It  is  con- 
sidered  to  be  proportional  to  the  surface  of  the  froiU  of 
tlie  train,  and  to  the  square  of  the  velocity.  It  equals  the 
weight  of  a  column  of  air,  whose  base  is  the  frontage  of 
ihe  train,  and  whose  length  is  the  height  due  lo  the  ve- 
locity. This  weight,  for  each  square  foot  of  frontage. 
and  for  a  velocity  of  one  mile  per  hour,  equals  0.0027  lb.. 
or  jjy  lb.  For  the  usual  frontage  of  80  squHre  feet,  it 
is  therefore  one-fiflh  of  a  pound  at  one  mile  per  hour. 

The  third,  or  residual  resistaoce,  is  probably  due  to 
the  unavoidable  Concussions,  oscillations,  flexures,  ini- 
bedding  of  wheels  in  rail,  friction  of 
It  may  be  hereafter  decomposed  into  van 
but  is  now  taken  as  proportioua!  to  the  wei 
and  the  velocity,  and  as  being  equal  to  ^  lb.  for  each 
of  irain,  at  one  mile  per  hour. 


■  Ilia  tons  here  uxed  are  oil  grauB  loaa  ul  i'iil)  Iba. 


ainst  sides,  &c.  1 
rious  elements, 

iglit  of  the  train  J 

lb.  for  each  too  I 

•■!HI  Iba.  I 


ywfi^ 
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We  are  now  prepared  to  fini  the  resistance  (in  Ibs.)ot 
a  straight  and  level  railroad  to  the  motion  of  a  tram  (A 
cars,  whose  weight  (in  tons),  velocity  (ia  miles  per  hour), 
and  frontage  (in  square  feet),  are  given,  by  the  following 

RULE. 

1.  Multiply  the  weight  by  6, — for  friction. 

2.  Multiply  the  weight  by  the  velocity,  and  divide  by 
3, — for  concussion. 

3.  Square  the  velocity,  and  multiply  this  square  by  the 
frontage,  and  divide  this  product  by  400, — ^for  the  at- 
mosphere. 

4.  Add  these  three  results,  and  the  sum  is  the  tola! 
resistance.  Divide  this  by  the  weight,  and  the  quotient 
is  the  resistance  per  ton. 

Example  1.  A  freight  train  of  100  tons  is  to  be  drawn  13 
miles  per  hour.  Its  frontage  is  80  square  feet  What  is  the 
resistance  to  be  overcome  by  the  motive  force  ? 

Friction  =      100  x    6      =     600  lbs. 

100  X  12 
Concussion    = =     400    " 

o 

12  X  12  X  80 

Atmosphere  = -— =      29    *' 

400  

Total  resistance  =  1029  Ui». 

1029 
Resistance  per  ton  =  =  10|  lbs. 

Example  2.     A  passenger  train  of  50  tons  is  to  be  drawn  35 

miles  per  hour.     Its  frontage  is  80  square  feet.     Required  its 

'esistance. 

Friction         =      60  X    6        =    300  lbs. 

50  X  35 
Concussion    = :=    683    " 

«5 

35  X  35  X  SO         ^   .    ^. 
Atmosphere  = -;— =    24o    " 

400  

Total  resistance  =1128  lbs. 

«    .  1128 

Resistance  per  ton  =  •— -  =  22^  lbs 
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Example  3.  A  train  of  25  tons,  at  60  miles  per  hour,  would 
meet  a  resistance  (by  both  theory  and  experiment)  of  55  lbs.  per 
ton.  This  rapid  increase  of  resistance  with  velocity,  is  very 
striking,  though  it  has  been  disputed  by  some  experimenters. 

The  above  formula  has  been  tested  by  Mr.  Scott  Rus- 
sell, and  Mr.  Wyndham  Harding,  chiefly  for  passenger 
trains  of  from  20  to  64  tons,  and  at  speeds  from  30  to  60 
miles  per  hour.  At  lower  velocities,  its  results  some- 
what exceed  those  of  the  experiments.  When  the  rail- 
road or  carriages  are  in  bad  repair,  or  side-winds  prevail, 
the  resistances  will  be  greater  than  are  here  given.  For 
head-winds,  the  velocity  of  the  wind  should  be  added  to 
that  of  the  train. 

The  following  Table  shows  the  Resistances  to  Trains 
of  different  weights,  and  at  different  velocities,  as  given 
both  by  actual  experiments  and  by  the  above  formula : 
the  frontage  being  60  square  feet. 


Velocity. 

Weight. 

Besistance 
by  Elxper. 

Resist,  by 
Formula. 

Velocity. 

Weight. 

Resisbince 
by  Expor. 

Resist,  by 
Formula. 

fiM.pcr  Ar. 

Am*. 

lb$.  ptr  ton. 

IM.  per  ton. 

mL  per  hr. 

tone. 

Iba.  per  ton. 

lbs.  pel  ton. 

14 

9 

12.6 

13.9 

34 

301 

25.0 

23.1 

16 

20^ 
40f 

8.5 

13.2 

34 

18 

23.4 

27.2 

19 

8.5 

12.9 

35 

211 

22.5 

26.1 

21 

18 

12.6 

16.7 

39 

24 

30.0 

31.0 

25 

40? 

12.6 

16.6 

47 

31? 

33.7 

33.1 

27 

40? 

12.6 

17.7 

50 

30 

32.9 

35.3 

31 

1^1 

23.4 

25.4 

53 

25 

41.7 

42.1 

32 

14i 

22.5 

27.2 

61 

211 

52.6 

54.8 

When  the  motive  power  is  a  Locomotive  Engine,  its 
own  resistance  must  also  be  taken  into  account.  The 
friction  on  its  machinery,  or  working  parts,  may  be  taken 
at  7  lbs.  per  ton  of  its  weight ;  and  its  friction  considered 
as  a  carriage  at  8  lbs.  per  ton.     To  this  should  be  added 


II.    THE  LOCATION  01-'  RATLROADS. 

The  location  of  railroads  is  guided  by  ihe  same  jmna  % 
pies  as  ihat  of  common  roads,  and  made  in  sinular 
ner  ,  but  the  greater  importance  to  railroads  of  slraiglltl 
lines  and  easy  grades,  as  has  been  shown  in  Ihe  preceding  I 
section,  justifies  and  requires  ^  much  greater  expenditure  ioM 
the  surveys  which  seek  the  attainment  of  these,  and  is-l 
the  excavations,  embankments,  and  bridges  by  which  Ibeyfl 
are  secured.     The  minor  undulations  of  ihe  country  arftfl 
disregarded,  for  they  can  be  readily  overcome  by  the  ci 
tings  and  fillings  which  will  be  demanded  by  any  traf 
which  is  impvrtanl  enough  to  need  a  railroad  for  its  ac- 
commodation ;  and  slraighlness  is  the  first  object  ;  wh< 
a  common  road  should  go  around  a  hill,  a  railroad  should 
cut  through  it.     For  this  reason,  the  compass,  or  son»« 
other  angular  instrument,  usually  takes  the  lead  i 
location,  and  is  followed  by  the  level.     Upon  the  rougt 
plot  of  the  survey,  curves  are  pencilled  in,  their  centre 
and  radii  are  determined,  and  then  they  are  laid  out  on  tl 
ground,  being  corrected,  if  necessary,  by  calculation  ( 
by  trial,  till  they  pass  through  the  desired  points. 
important  calculations  for  excavation  and  embankment  arel 
identical  with  those  of  common  roads  ;  but  the  esiinuite   \ 
must  include  the  new  items  ol  superstructure,  of  engines    | 
cars,  &c.,  which  are  to  be  presenllv  e 

In  examining  the  comparative  merits  of  two  riva 
mutes,  the  relative  importance  of  distance  and  fn^dn 
or  shortness  and  steepness,  must  be  deteri'iined  by  t 
considerations  given  on  pages  276 — ^281.  To  determiM 
which  is  the  least  objectionable  in  amount  tf  curvaiurfl 
calculiile  the  angular  deflection  of  each  curve,  as  ir.dt 
eated  on  p.  274.  The  sum  of  all  of  these  on  cuch  lin( 
will  be  its  total  deflection,  and  the  proper  stand&rd  i 
irinR  it  with  olhei 
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For  the  Ca;  ts,  the  Frictional  resistance  is  taken  a*  6  lbs,  oei 
ton,  as  before. 

The  Atmospheric  resistance  is  assumed  as  equal  to  the  square 
of  the  velocity,  multiplied  by  the  bulk  of  the  train  in  cubic  feet, 
uid  that  product  by  -prsvinf  ^^^  ^^  weight  of  the  train  is 
supposed  to  correspond  to  180  cubic  feet  The  atmospheric  re- 
sistance obtained  by  this  formula  would  equal  that  given  by 
Russell,  in  the  case  of  a  load  of  55|  tons.  For  a  greater  load, 
this  formula  makes  this  resistance  proportionally  greater  than 
Russell's,  and  for  a  less  load  proportionally  less. 

The  residual  or  oscillatory  resistance  is  taken  at  only  -fg  the 
product  of  the  velocity  by  the  weight,  instead  of  |,  as  in  the 
former  formula.  Mr.  Grooch  considers  this  "  oscillatory"  re- 
sistance to  be  mainly  the  increased  friction  of  the  axle  bearing 
upon  its  collars,  in  consequence  of  the  transverse  vibrations  at 
high  velocities,  while  Mr.  Russell  makes  it  include  all  the  re- 
sistances remaining,  after  *'  friction"  and  **  atmosphere"  are  de- 
ducted from  the  total  amount 

Example  4.  Let  weight  of  train  =  100  tons ;  velocity  =  50 
miles  per  hour ;  required  the  resistance  to  the  motion  of  the 
cars. 

Friction        =100x6        -        •        -        -      =    600  lbs. 

60  X  100 
Oscillation   =  — 73 —       -        -        -        -      =    333  " 

10 

Atmosphere  =  60  X  60  X  100  X  180  X  ymnnnF  =    900  " 

Total  resistance  of  cars     =  1833  lbs. 

« 

For  the  ENcnrE  and  tender,  the  resistance  is  separated  into 
two  parts.  That  caused  by  the  friction  of  axles  and  machinery, 
is  ^  pounds  per  ton  of  their  weight)  equal  to  6,  plus  one  half 
the  velocity  in  miles  per  hour.  That  due  to  atmosphere  and  load 
equals  un^^yp  of  the  square  of  the  velocity  multiplied  by  the 
weight  of  the  train.  These  resistances  would  of  course  be  dif 
ferent  for  each  different  engine. 
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mpffS,  Whh«-i 
mulfi  ,, 

and  teiiilw. 

6.  +  i  X  fiO  —  30  tb».  per  ton 
^^„  X  60  X  50  X  100  —  10        " 
Or,  tlie  total  renistaiioe  of  Engine  and  tender  —  4 
Tutd  resistance  ofTrain  and  Engine—  18S3  4-  : 
38;i3 

or  — — : -  —  25.5  lbs.  per  tt 

100+50  "^ 

Tlie  iJiacrepancies  in  the  results  obtai 
experi  me  liters  and  theorizera,  show  the  gr 
wliich  exist  in  the  data  cf  the  eiperitnenta 
plication  of  the  iheorelicaJ  principles  invol 

Asautning  for  liie  present  Mr,  Scott  Ri 
to  be  approximately  correct,  we  are  next 
increased  resistances  which  occur  on  c 
ASCENTS.  This  will  be  done  under  the  hi 
Railroads  ought  to  be,"  as  lo  their  Direct. 
their  Grades. 


1.  WHAT  HAILBOADS  OTJGHT  TO  BE  AS  TO  TH 

Straighlness  of  direction  is  much  mor 
railroads  than  on  common  roads,  for  lw( 
economy  of  slraightness,  and  the  resistanc 
of  curves. 


From  the  great  cost  of  the  superstriiclui 
and  the  continually  increasing  expense  of  k 
pair,  it  is  highly  desirable  that  it  should  be 
consequently  as  short,  as  possible. 

As  the  eanhwork  of  a  railroad  cosls  aim 
repairs,  while  those  of  its  perishable  sup< 
very  great,  and  proportioned  to  its  length 
cost,  in  fuel,  wages,  and  wear  and  tear  o 
t>f  running  the   road,   ii  will  often   be   ad 
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make  large  expenditures  for  the  former  t^lement  of  cost, 
in  order  to  lessen  the  length  of  the  road,  and  consequently 
the  annual  expenditures  for  the  latter.* 

Suppose  the  total  cost  of  a  railroad  to  be  $30,000  pec 
inile,  the  interest  of  which  is  $1800;  the  annual  repairs 
of  the  superstructure  $1000  per  mile  ;  and  the  expenses 
of  engines  also  $1000  per  mile.  The  total  annual  ex- 
pense will  then  be  $3800,  which  is  the  interest  of  $63,000, 
which  sum  might  profitably  be  expended  to  shorten  the 
road  one  mile,  or  $12  to  shorten  it  one  foot  of  length.  If 
this  single  foot  gained  was  the  only  result  of  a  day's  labor 
of  a  locating  party,  it  would  be  a  satisfactory  equivalent 
for  the  expenses  of  such  a  day's  work. 

On  these  grounds,  a  short  route,  which  has  the  tisiults 
of  steep  grades  and  curves  of  small  radius,  may  profitably 
receive  an  outlay  of  capital  upon  it,  for  the  purpose  of 
lessening  these  defects,  equivalent  to  the  cost  of  the  dif- 
ference of  distance  between  it  and  a  longer  line,  which 
has  better  grades  and  curves. 

From  these  considerations  it  is  also  seen  that  a  litic 
ought  not  to  diverge  from  the  direct  course  between  its 
extremities,  and  thus  increase  its  distance,  for  the  sake  of 
the  trade  of  a  small  town,  for  whose  benefit  the  time  and 
fare  of  all  the  passengers  and  freight  on  the  whole  line 
would  thus  be  taxed.  It  would  be  preferable  to  make  a 
branch  track  to  the  town, 

EVILS    OF    CURVES. 

Curves  are  necessary  evils  on  most  routes,  enabling 
them  to  pass  around  obstacles,  such  as  projecting  hills, 
deep  hollows,  houses  too  valuable  to  be  removed,  &c. 

*  See  Amcr.  Railroad  Joarnal,  Au^st,  1839,  fof  an  able  developniem 
if  th25«  podhimi  by  W.  &  Casey,  C  E. 
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The  ^nbankmeDis  of  nOroads  demand  the  use  of  every 
possible  pcEcantioo  to  ensure  their  sohdity  ;  not  only  on 
accoaai  of  tbeir  size,  bat  becacse  the  ribntlions  imparled 
10  them  by  the  piissing  trains,  greatly  increase  their  ten- 
dency to  slip.  The  expense  and  time  required  to  form 
ibem  in  layers,  as  lecomnieaded  on  page  166,  often  forbid 
the  adoption  of  that  method.  They  are  usually  con- 
slnicied  by  raising  them  to  iheir  full  height  at  one  end, 
and  so  cairying  them  onward.  Temporary  rails  are  laid 
along  the  bank,  and  extended  with  it,  and  on  them  wagons, 
::on[aining  each  about  3  cubic  yards,  are  drawn  by  horses, 
or  by  locomotive  engines,  if  the  distance,  or  "  lead,"  be 
great. 

It  has  been  ascertained  that,  contrary  to  the  usual  the- 
ory and  practice,  the  quantity  of  work  which  can  be  done 
on  an  embankment  so  made,  and,  consequently,  the  time 
which  will  be  required  for  iis  completion,  does  not  de- 
pend on  the  area  of  the  face  of  the  culling  which  supplies 
it,  or  on  llie  number  oi  wagons  which  can  be  filled  in  it 
together  ;  but  on  their  rale  of  speed,  and  on  the  number 
of  ibem  which  can  be  emptied  in  a  given  lime  over  the 
head  of  the  embankment,  to  the  lop  width  of  which  this 
element  is  proportional.  The  number  of  wagons  drawn 
together  in  a  "  set,"  should  increase  or  decrease  with  ihft 
length  of  the  "  lead,"  and  the  breadth  of  the  end  of  llie 
bank  ;  and  the  number  of  "  sets"  should  be  increased  at 
certain  exact  periods  in  the  progress  of  the  work,  which 
arc  BUBceptihle  of  matliematical  deteriui nation* 


■  TIiiw  [Kiinli  Bra  very  cleariy  and  fully  exsmmed  hi  "  [«,*  I  if  Bpfl 
nUOD  4iid  Embiiiikinenl«ii^^Rwj< 
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and  IS  therefore  much  lessened  by  supporting  the  cars 
on  two  trucks,  each  resting  on  four  wheels,  the  two  axles 
of  which  are  very  near  to  each  other. 

4.  The  fastening  of  eacli  pair  of  wheels  to  the  same 
axle,  with  which  they  turn.*  The  wheel  on  the  outer 
side  of  a  curve  must  revolve  farther,  and  therefore  faster, 
than  the  inner  one.  which  must  slide'  (if  both  are  of  the 
same  diameter)  by  an  amount  equal  to  the  difference 
between  the  lengths  of  the  inner  and  outer  rails  of  the 
curve. 

To  lessen  this  resistance,  the  wheels  are  made  conical, 
with  their  inner  diameters  greater  than  the  outer,  so  that 
on  curves,  the  outer  wheels  run  on  their  greater  diameter 
and  the  inner  ones  on  the  less.  This  cone  may  be  so 
adjusted,  that  the  wheel  can  run  in  a  circle  of  595  feet 
diameter  without  the  flanges  touching  the  rail.  It  was 
at  first  1  in  7,  but  has  of  late  been  reduced  to  ^\,  and  ^. 

Without  these  arrangements,  the  resistance  of  a  curve 
of  even  a  mile  in  radius,  at  a  speed  of  25  miles  per  hour, 
would  equal  that  of  an  ascending  grade  of  9^  feel  per 
mile  ;  and  one  of  700  feet  radius,  a  grade  of  77  feet,  .kc. 

The  actual  resistance  has  been  very  imperfectly  ascer 
tained. 

Grave  objections  have  been  urged  by  eminent  engi- 
neers against  "coning"  the  wheels.  One  is,  that  if  the 
rail  is  canted  so  as  to  fit  the  coning,  on  the  straight  line 
portions  of  the  road  there  will  be  a  constant  grinding 
action,  owing  to  the  dragging  of  the  outer  and  smaller 
portions  of  the  wheels.  It  is  also  stated  that  much  of 
the  concussions  of  the  flange  of  the  wheel  against  the 
rail  is  due  to  the  coning,  and  that  where  cylindrical 


*  If  they  tnrned  on  the  axle,  as  iu  ordinary  carriages,  they  would 
oa  have  safficient  steadiness  to  iwi  truly  at  high  velocities. — Lboount, 
p  134. 
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BALLASTINQ. 


The  tops  of  the  embankmentB,  and  the  bottoms  of  the 
excavations,  are  hronght  to  a  height  called  the  "  Forma- 
tion levelj"  about  two  feet  below  the  intended  level  of  the 
rails,  and  there  shaped  with  a  fall  from  the  middle  to  each 
side,  as  in  common  roads,  in  order  to  drain  off  the  water 
which  falls  npon  them.  The  remaining  space  of  two 
feet  (more  or  less,  according  to  circumstances)  is  filled  up 
with  "ballast." 

There  are  fonr  objects  in  using  ballast : 

1.  To  spread  the  bearing  of  the  sleepers  over  a  large 
Hurface  of  the  ground. 

3.  To  keep  the  trrifck  in  place. 

3.  To  secure  drainage. 

i.  To  give  a  medium  elasticity. 

It  is  composed  of  some  porous  material,  such  as  grave), 
broken  stones,  quarry  rubbish,  cinders,  etc.,  through 
which  the  water  of  rains  can  readily  pass.  Burnt  clay 
has  been  used  in  alhivium  conntries.  It  should  be  laid 
on  rock  as  well  aa  earth,  and  should  extend  one  or  two 
feet  beyond  the  ends  of  the  ties  in  cnttinga,  and  be  of  the 
fall  width  of  the  embankments. 

Upon  this  "ballast"  are  laid  the  supports  of  the  rails. 
Without  this  precaution,  the  water  ahsiirbed  by  the  earthy 
materials  of  the  road-bed  would  render  it  soft  and  spongy 
in  ordinary  weather,  and  by  freezing  in  wiuter  would  di»- 
tiirb  the  position  and  the  levels  of  the  rails.  On  many 
American  railroads  the  neglect  of  this  safegnurd  against 
tlie  effects  of  onr  Northern  winters  renders  them  very 
unsafe  at  high  velocities  in  the  early  spring,  when  the 
frost  is  coming  out  of  the  ground.  Ships'  ballast  was 
first  nsed  for  this  purpose  on  the  early  railroad  at  New- 
castle, and  from  this  circnmstance  the  snbstitntea  have 
rrtaitied  the  original  name. 
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When  sharp  curves  are  unavoidable,  they  should,  if 
possible,  be  located  near  stopping-places.  They  should 
not  be  placed  on  a  steep  slope,  on  account  of  the  double 
resistance  which  virould  then  be  caused  to  trains  ascend- 
ing, and  the  increased  danger  of  running  off  to  trains  rap 
idly  descending.  But  if  such  location  on  a  long  slope  be 
unavoidable,  the  grade  should  be  flattened  along  the  curve, 
and  the  difference  applied  to  the  straight  portions.  Curves 
should  not  be  in  deep  cutting,  where  the  impossibility  of 
seeing  far  ahead  might  cause  collisions,  but  on  the  parts 
in  embankment,  or  on  the  surface. 

The  increased  velocities  of  the  more  recent  railroads 
have  greatly  lessened  the  permissible  smallness  of  the 
radii  of  curves.  For  the  usual  speeds  employed  on  the 
English  railways,  it  is  recommended,  that  the  minimum 
radius  sliould  be  one  mile.  On  the  Baltimore  and  Ohio 
railroad,  however,  one  of  the  earliest  in  the  United  States, 
there  are  several  curves  of  400  feet  radius,  (14|°)  and  one 
of  318  feet,  (18°)  over  which  locomotives  pass  without 
difficulty  at  a  speed  of  15  miles  per  hour. 

The  minimum  in  France,  allowed  by  "  V Administra- 
tion des  Fonts  et  Chaussees,-^  is  2700  feet ;  or  about  2°. 

The  minimum  curve  upon  the  Hudson  River  railroad 
has  a  radius  of  2062  feet=2f°. 

By  the  Parliamentary  "  Standing  Orders"  of  1846,  a 
Railroad  Company  cannot  diminish  the  radius  of  any 
curve  to  less  than  half  a  mile  (2640  feet)  without  the 
special  permission  of  Parliament. 


!iU8  RAIL-RbAIHJ. 

its  Icnglh.  Usually  llie  rail  is  thinner  llirough  lU  niul 
die  than  at  Us  lop  and  base.  The  vafious  forms  are  iiaincd 
ihe  T  rail,  the  H  rail,  the  hour-glass  rail,  &c.  from  tlie 
shiipa  of  their  cross-sectioD.  The  popular  division  of 
rails  is  Into  ihe  "Plate  rail,"  and  the  " Edge  rail ;"  th? 
latter  including  all  the  Tarieties  just  mentioned. 

The  best  form   of  iJie    parallel  rail   was  in-    P'g-iSa. 
vesligated   by    Professor  Barlow,  in  behalf  of  f 
the  London   and  Birmingham    Railway   Com- 
pany, and  Fig.  122  shows  the  section  of  the 
rail  which    he    found    (o  possess  ihe  greatest 
strength  with  the  least  material,  the  bottom  web    , 
beijig  much  smaller  than  ihe  head. 

But  a  double  headedi  or  H  i^i'i  as  shown      fig- 123 
in  Fig.  123,  with  its  top  and  base  of  the  same 
size  and  shape,  is  now  generally  preferred  in 
England.       Professor   Barlow  considers    this 
eliape    to    be   inferior  in  strength  and   conve- 
nience in  fixing,  its  broader  bearing  to  be  of 
no  advantage,  and  the  proposed  plan  of  turn 
ing  it  over,  wlien  the  upper  table  is  worn  down,  lo  be  im 
practicable;  but  still  it  is  found  preferable  in  practice.  nH 
enabling  the  best  side  to  he  selected,  as  being  move  en^ily 
keyed  in  its  chair,  and  as  having  a  broader  bearing. 


The  favorite  form  in  this  country 
is  shown  in  Fig.  124.  The  follow- 
ing dimensiona  are  recommended: 
height,  4  in.,  widlh  of  bottom,  4 
in,,  width  of  head,  S|  in.,  thick- 
ness of  vertical  web,  i^  iu. 


F[j.  124. 

i 
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Adopting  the  more  correct  ratio  of  lOJ  lbs.  per  ion,  or 
1  to  218,  as  the  resistance  at  the  asual  freight  speed  oi 
12  miles  per  hour,  (see  page  266)  it  would  require  an 
ascent  of  24  feet  per  mile  to  double  it,  48  feet  to  triple  it, 
and  so  on.  When  the  resistance  is  increased  to  20  lbs.  per 
ton,  or  1  to  112,  (as  in  the  case  at  high  velocities)  an  as- 
cent of  47  feet  per  mile  is  required  to  double  it ;  and  a 
resistance  of  30  lbs.  per  ton  corresponds  to  an  ascent  ot 
70  feet. 

These  results  show  that  heavy  grades  are  proportion- 
ally  less  injurious  on  a  road  where  great  speed  is  em* 
ployed,  with  correspondingly  great  resistances,  though  the 
absolute  loss  of  power  caused  by  them  remains  the  same. 
The  late  discovery,  that  the  resistances  at  even  slow  rales 
of  travel  are  greater  than  had  been  supposed,  lessens 
greatly  the  objections  to  heavy  grades,  and  shows  them 
to  be  relatively  much  less  injurious  than  had  been  imag- 
ined, seeing  that  so  much  greater  an  ascent  is  required  to 
double  the  resistance.     Besides,  a  small  diminution  in  the 

Let  then  /=  Resistance  (in  lbs.  per  ton)  on  a  level. 

h  =!  Ascent  in  feet  per  mile ;  *ncl-^^  =  Inclination. 

-^r^  X  2240=  aa  Resistance  per  ton  of  Gravity. 

52oU  So 

14A 
/4.----=s  Total  resistance  on  the  inclination. 

'Fhe  above  proportion  then  becomes, 

Uh 
Load  on  level :  Load  up  ascent : :  /  +  -^^  :  /.  Whence, 

,      ,  ,   • ,       ,      .  ^  Load  on  level 

Load  up  afl-sent  =  Load  on  level  X \  ..    = r-rr 

14A  14A 

/+33"       ^ssy 

When  the  motive  power  is  a  Locomotive  Engine,  as  is  usual,  its  weigli 
must  be  included  in  the  "  Load  on  level,"  used  in  the  calculation,  and 
finally  subtracted  from  the  resulting  **  Load  up  ascent." 

Example^ — Let  the  weight  of  the  can  drawn  on  a  level,  at  12  miles 
per  hour,  be  447  tons ;  the  engine  20»  and  the  tender  14  tons  :  required 
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velocity  of  the  train  would  compensate  for  the  increased 
resistance  of  quite  a  steep  grade. 

Tlie  cost  of  draught  on  a  railroad  is  nearly  as  the  power 
employed,  so  that  it  will  cost  nearly  twice  as  much  to 
carry  a  load  on  a  railroad  with  an  ascending  grade  of  24 
feet  to  the  mile,  as  to  carry  it  on  a  level  route.  This 
consideration  will  therefore  justify  large  expenditures 
upon  the  excavations,  embankments,  &c.,  of  a  railroad, 
with  a  view  of  reducing  its  grades.  -The  propriety  of 
such  expenditures  is  to  be  determined  by  comparing  the 
annual  interest  of  the  amount  with  the  annual  saving  of 
power  ever  after,  in  drawing  the  expected  loads  over  the 
fiatlened  road. 

But,  on  the  other  hand,  this  principle  may  be  carried  to 
excess.  These  great  expenses  for  graduation  should  be 
incurred  only  when  maximum  loads  are  to  be  constantly 
carried  at  high  speeds,  as  on  important  leading  lines  of 
great  traffic.  Much  steeper  grades,  than  would  be  other- 
wise allowable,  may  be  adopted  on  roads  on  which  maxi- 
mum loads  are  not  often  carried,  and  on  which  the  trains  are 
required  for  public  convenience  to  go  often,  and  will 
therefore  generally  go  light.  The  engine  may  be  able  to 
draw  400  tons  on  a  level,  and  may  seldom  have  more 
than  100  to  draw.     In  such  cases  the  true  economy  is, 

the  load  which  the  same  power  can  draw  up  an  ascent  of  10  feet  per 
mile. 

Here/^  10^,  and  A  ^  10.     By  the  above  formula, 

,      ^  (447  +  20+14)  481 

Load  up  ascent  =  — i^^-p—  =  j-^po^^  =  341.1 

33xl0i 

341.1— ,20+  14)  =  307,1  =  The  joad  up  the  ascent 

For  the  method  of  calculating  the  tractive  power  of  locomotivtHh  an 
page  325. 
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not  to  go  to  great  expense  in  order  to  re:hice  the  grades 
below  such  a  degree  of  steepness  as  would  permit  the 
engines  to  draw  up  their  usual  small  loiids  ;  nor  to  attempt 
to  make  a  very  level  road,  on  which  the  engines  could  do 
a  great  deal,  but  would  have  very  little  to  do  The 
same  reasoning  applies  to  railroads  between  places  fur 
nishing  but  a  moderate  amount  of  travel,  such  as  the 
thinly  settled  parts  of  this  country.  Should  the  travel 
subsequently  greatly  increase,  in  an  unanticipated  degree, 
more  frequent  light  trains  could  be  sent.  The  enormous 
expenditures  sometimes  made  in  such  situations  to  make 
a  perfect  road,  have  been  too  great  for  the  scanty  travel 
to  pay  interest  upon,  and  have  discouraged  the  proper 
construction  of  such  as  would  have  been  really  profitable. 

A  great  reduction  of  the  first  cost  of  a  railroad  may  often 
be  made,  without  much  increasing  its  subsequent  ex- 
penses ;  inasmuch  as  the  capital  expended  in  the  gradua- 
tion of  a  road  has  averaged,  in  England,  fifteen  times  the 
cost  of  the  locomotive  power ,  and  as  the  daily  cost  of 
transit,  due  to  this  last,  is  also  very  small.  Locomotive  pow- 
er forms  only  about  one-third  of  the  whole  working  expen- 
ses of  a  road ;  and  only  a  part  of  this,  say  one-half,  is  likely 
to  be  affected  by  the  grades  ;  so  that  there  is  only  one- 
sixth  of  the  whole  working  expenses,  which  can  be  saved 
by  making  a  road  theoretically  perfect  in  grades  ;  a  small 
consideration  for  the  interest  of  the  extra  capital,  unless 
the  traffic  is  likely  to  be  continued,  regular,  and  very 
heavy. 

In  brief,  first  determine  precisely  what  is  wanted.  If 
the  best  possible  road  would  be  ju&tified  by  the  import- 
ance of  the  traflSc,  make  it  as  perfect  (i.  e.  as  straight, 
level,  and  unyielding)  as  possible,  so  that  it  can  accom- 
plish the  greatest  amoun    of  labor  in  the  least  time  and 
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with  the  smallest  expenditure  oi  power.  If  a  cheap 
though  inferior  road  will  accommodate  the  traffic  expect 
ed,  let  such  a  one  be  made. . 

In  comparing  two  roads  between  the  same  points,  one 
of  which  is  level  and  the  other  has  a  summit,  reached  by 
an  ascending  grade,  succeeded  by  a  descending  one,  it 
must  not  be  overlooked  that  there  is  a  certain  degree  oi 
compensating  power  in  the  descent.  As  to  how  much  of 
the  power  lost  in  the  ascent,  is  gained  by  the  assistance 
of  gravity  in  the  descent,  there  is  great  diflference  oi 
opinion.  It  was  formerly  supposed  that  on  descents 
sleeper  than  the  angle  of  repose,  1  in  280,  or  19  feet  lo 
the  mile,  the  cars  would  be  accelerated  by  the  force  of 
gravity,  (which  is  just  balanced  by  friction  at  that  incli- 
nation) and  that  the  brake  would  then  need  to  be  ap- 
plied, so  that  beyond  that  limit  no  more  assistance  could 
be  derived  from  gravity.  But  it  has  been  found  by  recent 
experiments  that  the  resistance  of  the  air  to  the  motion  of 
cars  is  far  greater,  and  increases  with  the  speed  much 
faster,  than  had  been  imagined.  This  resistance,  there- 
fore, opposes  the  accelerating  tendency  of  gravity  with  a 
force  increasing  with  the  velocity,  so  that  trains  of  cars 
may  safely  descend  inclinations  of  60  feel  to  the  mile.  On 
planes  of  53  feel  to  the  mile,  trains  have  commenced 
the  descent  at  a  speed  of  40  miles  per  hour,  but  instead 
of  this  velocity  being  increased,  it  was  reduced  to  30 
miles  per  hour.  Railroads  may  therefore  be  laid  out 
with  grades  of  nearly  60  feet  to  the  mile,  with  little  or  no 
loss  of  power  in  the  descent ;  and  there  is  little  practical 
loss  of  power  in  the  ascent,  if  the  loads  are  such  as  do 
not  task  the  engines  to  their  full  power  on  the  level  por 
tions  of  the  road.  In  England  it  has  been  foand  that 
cheap  lines  with  steep  grades  have  not  cost  much  more  to 


UNDULATING    RAIL-ROADS.  281 

vvork  them  than  some  which  had  cost  two  to  three  hun* 
dred  thousand  dollars  per  mile.  We  may  therefore  con 
elude  that  Navier's  maxim,  that  *'  The  amount  of  power 
required  to  effect  the  transit  of  a  line  of  railroad,  depends 
entirely  on  the  length  of  the  line  and  the  difference  of 
level  of  its  two  extremities,"  is  true,  if  none  of  the  incli- 
nations upon  it  exceeds  60  feet  to  the  mile,  and  if  the 
engine  is  not  obhged  to  ceurry  its  maximum  load  on  a 
level. 

This  principle  of  compensation  on  descents  was  earned 
to  such  excess  a  few  years  ago,  that  it  was  sanguinely 
recommended  to  make  all  railroads  undulating^  carefully 
avoiding  all  levels,  and  establishing  a  continual  succession 
of  ascents  and  descents.  It  was  argued  that  the  momen- 
tum which  the  cars  acquired  in  descending  one  slope, 
would  carry  them  up  the  next,  just  as  a  pendulum  swings 
as  far  to  the  one  side  as  to  the  other ;  and  that  having 
received  an  impelling  force  at  one  end  of  the  road,  they 
would  reach  the  other  end,  down  one  of  these  slopes  and 
up  the  next  in  turn,  by  the  assistance  of  gravity  alone. 
Volumes  have  been  written  in  attack  and  defence  of 
this  theory  ;  but  the  most  fatal  objection  to  it,  even  sup- 
posing the  undulations  all  properly  arranged,  is,  that  the 
velocity  which  a  train  must  have  acquired  when  it  had 
reached  the  foot  of  one  slope,  to  be  sufficient  to  carry  i: 
up  the  next,  would  be  too  great  for  safety,  and  that  the 
irregularities  of  speed  would  be  destructive  to  the  cars 
and  to  tJie  road. 


2g2  KAIL-ROADS. 

3,   WHAT    RAILROADS    OUOBT    TO    BE    AS    TO    THEIR  OBOSft 

8EOTION. 

I'he  width  of  a  railroad  is  the  first  element  of  its  cross 
section  to  be  considered,  and  it  depends  upon  the  width 
between  the  inner  sides  of  the  rails,  which  is  called  iis 
**  Ganger 

THE  BROAD  AND  NARROW  GAUGE  QUESTION. 

The  customary  gauge  is  4  feet  8|  inches  ;  varying  from 
4  "8  to  4  "9,  according  to  the  space  deemed  necessary  for 
the  play  of  the  flanges  of  the  wheels.  This  is  called 
the  "  narrow  gauge."  The  "  broad  gauge,"  first  intro- 
duced by  Mr.  Brunei,  on  the  Great  Western  Railway  in 
England,  is  7  feet.  Between  these  two  gauges  is  still 
going  on  the  fiercest  contest  of  the  many  which  have 
arisen  on  the  various  doubtful  points  in  the  construction 
of  railroads. 

The  original  railroads  were  made  of  the  saine  width  as 
the  tram-roads,  on  which  ran  common  wagons.  This 
width  happened  to  be  4  feet  8^  inches.  The  new  rail- 
roads adopted  the  same  width,  for  the  convenience  of 
using  upon  them  the  same  cars,  and  thus  this  width  be- 
came almost  universal.  Our  American  roads,  using  at 
first  English  engines,  were  necessarily  formed  with  an 
identical  gauge.  Other  gauges  have  also  been  employed. 
Four  feet  10  inches  is  the  New  Jersey  and  Ohio  gauge, 
yive  feet  is  the  gauge  of  Virginia,  East  Tennessee,  and 
the  north  of  Georgia.  Five  feet  6  inches  is  the  gauge 
in  Maine,  (Atlantic  and  St.  Lawrence  Eoad)  in  Can- 
ada, (by  general  law)  and  in  Missouri,  (by  law  of 
1835).  Six  feet  is  the  gauge  of  the  Erie  Eailroad,  and 
of  its  connecting  roads. 
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ADVANTAGES  OF  THE  BROAD  GAUGE. 

The  track  being  wider,  the  cars  have  a  broader  base  ; 
80  that  if  the  frost,  or  any  other  cause,  raises  or  Icivera 
one  side  of  the  road  a  certain  amount,  say  one  inch,  il 
will  cause  an  angular  inclination  of  only  1  in  84  on  the 
wide  track,  but  1  in  56^  on  the  narrow  one. 

The  breadth  of  base  being  greater,  the  centre  of  gravity, 
with  equal  loads,  is  lower ;  so  that  there  is  less  danger  of 
the  cars  running  off  the  track.  They  have  also  less  lat- 
eral motion  and  greater  steadiness,  and  thus  add  much  to 
the  comfort  of  the  traveller.  This  steadiness  may  also  he 
increased  by  placing  the  wheels  outside  of  the  cars. 

The  broader  base  permits  the  wheels  of  the  cars  to  be 
proportionally  increased  in  size,  and  thus  is  obtained  great- 
er leverage  for  overcoming  the  friction  at  the  axles. 

Instead  of  letting  the  cars  remain  of  the  same  width  as 
now,  in  order  to  increase  the  steadiness,  their  width  mav 
be  increased  to  correspond  with  that  of  tlie  track,  (making 
It  10  or  11  feet  instead  of  the  present  8  or  9)  and  ther 
they  will  be  as  steady  as  at  present,  but  be  much  more 
commodious  for  passengers,  (giving  space  to  sleep  and 
eat)  and  more  convenient  for  packing  bulky  freight,  an 
hay,  cotton,  lumber,  barrels,  cattle  on  the  hoof,  &c. 

The  preceding  are  the  advantages  belonging  to  the  cars  • 
those  gained  by  the  engines  are  still  greater. 

The  narrow  track  does  not  give  width  enough  to  make 
sufficiently  large,  and  to  arrange  to  the  greatest  advantage 
the  various  pafts  of  the  engine.  With  their  usual  con- 
struction, the  highest  profitable  speed  for  maximum  loads 
(at  the  average  working  pressure  of  steam)  is  about  10 
miles  per  hour.  To  carry  the  same  load  at  twice  the 
speed,  it  would  be  necessary  to  double  the  quantity  o^ 
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ing  intended  lo  compensate  for  not  countersinking  the  nnl  j 
of  the  inner  screw.  The  longitudinal  timbers  are  15  bj 
U  inches,  and  the  cross-ties  bolted  to  them  at  intervals  of 
9  or  10  feet,  are  5  by  8  inches.  With  such  rails,  and  the 
broad  gauge,  this  railroad  combines  speed  and  ease  of 
motion  in  the  highest  degree  yet  attained. 


The  wheels  having  a  conical  shape,  they  would  touch 
a  level  rail  only  on  a  narrow  line,  and  bolh  would  soon  be 
worn  into  grooves.     To  prevent  this,  the  rails  are  some 
times  inclined  inward,  so  as  to  meet  the  cone  of  the  wheel 
more  directly,  and  to  present  a  broader  bearing  surface. 
The  usual  inclination  is  from  1  in  S9  to  1  in  SO,     It  may  J 
be  given  by  sloping  the  blocks,  or  by  culling  ihe  sleepersa 
which  support  the  rails,  or  may  be  formed  in  the  originw" 
roiling  of  ihe  rail.     An  objection  to  ihis  breadlh  of  coal 
tact  is  that  a  rubbing  and  grinding  action  is  conslanlljT 
caused  by  the  unequal  velocities  with  which  the  outer  ai 
inner  parts  of  the  coned  wheels  revolve,  and  produces  ll» 
a^me  efloct  as  if  the  train  was  dragged  a  certain  dis- 
tance with  its  wheals  locked. 


When  a  railroad  car  enter; 
gal  force  tends  lo  force  the  fl 
the  outer  rail.  To  resist  this 
made  higher  than  the  inner  oi 
'tiay  be  formed  beneath  the 
tend  lo  slide  in  an  inward  din 

centrifugal  impulae.  The  inchnaiion  should  be  such  thai, 
the  two  anlagonisi  forcus  may  just  balance  each  other.  It' 
^  will  vary  with  the  radius  of  the  curve,  the  velocity  upa»j 


upon  a  curve,  the  centnlw^ 
nges  of  its  wheels 
tendency,  ihe  outer  rail  i 
s,  so  that  an  inclined  planefl 
ars,  down  which  they  willT 
ippos'iion  to  theifj 


THEia  nAUGE.  285 

tior»fi  to  it,  if  it  were  not  for  the  evils  of  "  The  break  of 
j^uge." 

THE    BREAK    OF    GAUGE. 

This  is  the  name  given  to  the  interruption  wl  ich  occurs 
whenever  a  road  of  broad  gauge  meets  one  of  narrow 
gauge,  and  which  renders  necessary  the  change  of  pas- 
sengers, baggage,  and  freight,  from  one  set  of  cars  to  an- 
other, and  prevents  the  same  cars  being  run  through  without 
transhipment,  or  "  breaking  bulk."  Passengers  thus  suffer 
much  delay,  confusion,  and  discomfort ;  and  merchandise 
is  exposed  to  damage  and  risk  of  loss,  in  being  thus  changed 
from  one  car  to  another  midway  in  its  route,  besides  in- 
curring  much  unnecessary  expense.  The  speedy  convey 
ance  of  troops  is  also  an  important  consideration  ;  for 
railroads  are  one  of  the  most  powerful  means  of  national 
defence,  enabWng  an  army  to  be  concentrated  rapidly  at 
any  point  attacked  ;  but  their  value  for  this  purpose  would 
be  greatly  lessened  if  it  were  necessary,  at  some  **  break 
of  gauge"  on  the  route,  to  stop  and  lose  the  time  neces- 
sary for  transferring  the  troops,  with  their  artillery,  stores, 
&c.,  from  one  set  of  cars  to  another. 

Most  roads  belong  to  the  narrow  gauge  class.  In 
England  the  proportion  is  as  7  to  1 ;  there  being  in  op- 
eration, in  1846,  1901  miles  of  the  narrow  gauge,  and  only 
274  of  the  broad.  Every  new  road  of  broad  gauge,  con- 
necting with  a  narrow  one,  therefore  increases  the  evils 
of  the  break  of  gauge.  The  importance  of  lessening 
them  has  given  rise  to  various  contrivances  for  that  pur- 
pose. The  following  are  the  four  principal  remedies  pro- 
posed. 

1.  Telescopic  axles.  The  axles  have  been  so  arranged 
that  one  portion  slides  in  the  other,  Hke  the  joints  of  a 
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tar.ce,  lo  form  a  passing-place  for  meeting  trains.  Cross- 
ings  are  ihe  arraiigemenlB  by  which  cars  pasa  from  otw 
track  to  the  other.  I'he  angle  of  their  divergence  should 
not  exceed  1 5°  or  2°  for  speeds  of  20  or  30  miles  pet 
hour,  but  when  the  speed,  as  in  mines,  is  not  more  thao 
8  miles  per  hour,  the  angle  may  be  as  many  degrees.* 
They  are  alwaja  dangerous,  and  therefore  the  fewer  of 
them  that  are  employed  tlie  belter.  The  misplacing  of 
ibem,  carelessly  or  malevolently,  causes  a  large  ponton 
of  the  accidents  on  railways.  Their  simplesi  form  is  [hat 
of  two  "  points"  or  "  switches,"  which  are  attached  at  one 
end  to  the  main  track,  and  are  moveable  at  the  other,  so 
as  to  continue  the  principal  line,  or  to  connect  it  ai  piea»- 


Fig.  139. 


ure  with  the  side-track.  The  awilches  are  usually  moved 
by  hand,  with  either  a  lever  or  an  eccentric.  A  signal 
plate  at  the  lop  of  the  lever,  with  which  it  moves,  by  ill 
position  shows  to  the  engine-driver,  as  he  approaches,  lo 
which  Irack  il  is  prepared  to  turn  the  train.  Self-acting 
switches,  kept  in  place  by  powerful  spiral  springs,  and 
moved  by  the  flanges  of  ihe  engine  wheels,  have  been 
tried ;  but  the  system  of  manual  operalion  is  preferred, 
with  all  its  uncerlainlies,  owing  to  the  self-acting  arrange 
meiit  rendering  it  impossible  fur  the  conductor  lo  know 
whether  the  switches  are  in  place  or  not  until  he  Is  upon 
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The  Royal  Commission,  appointed  by  the  British  Par 
liament,  in  1845,  to  investigate  this  subject,  made  an  elab- 
orate report  in  1846,  and  sum  up  as  follows : 

**  1.  As  regards  the  safety,  accommodation,  and  conve 
nience  of  the  passengers,  no  decided  preference  is  due  to 
either  gauge  ;  but  on  the  broad  gauge  the  motion  is  gen 
erally  more  easy  at  high  velocities. 

**  2.  In  respect  of  speed,  we  consider  the  advantages 
are  with  the  broad  gauge ;  but  we  think  the  public  safety 
would  be  endangered  in  employing  the  greater  capabili- 
ties of  the  broad  gauge  much  beyond  their  present  use, 
except  on  roads  more  consolidated,  and  more  substan- 
tially and  perfectly  formed,  than  those  of  the  existing 
lines. 

"  3.  In  the  commercial  case  of  the  transport  of  goods, 
we  believe  the  narrow  gauge  to  possess  the  greater  con- 
venience, and  to  be  the  more  suited  to  the  general  traffie 
of  the  country. 

'*  4.  The  broad  gauge  involves  the  greater  outlay ;  and 
we  have  not  been  able  to  discover,  either  in  the  mainten- 
ance of  way,  in  the  cost  of  locomotive  power,  or  in  the 
other  annual  expenses,  any  adequate  reduction  to  compen- 
sate for  the  additional  first  cost." 

They  recommend  **  that  the  gauge  of  four  feet  eight 
inches  and  a  half,  be  declared  by  the  legislature  to  be  the 
gauge  to  be  used  in  all  public  railways  now  under  con- 
struction, or  hereafter  to  be  constructed,  in  Great  Britain." 
They  add,  that  "  great  commercial  convenience  would  be 
obtained  by  reducing  the  gauge  of  the  present  broad 
trauge  lines  to  the  narrow  gauge  ;"  and  "  think  it  desirable 
that  some  equitable  means  should  be  found  of  producing 
8uch  entire  uniformity  of  gauge,  or  of  adopting  such  othei 

course  as  would  admit  of  the  narrow  gauge  cairiages 
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IV.  MOTIVE  POWERS.                        ^" 

T)ie  principal  powers  wliicli  liave  been   employed  (0 
nove  carriages  on  railri  ads  are   Horses,  Stationary  Elk 

fines,  Locumolives,  and  Aimosplieric  Presfiure. 

1.  aOESE  POW-EB. 

Tbc  power  of  a  horso  in  moving  heavy  loads  al  a  slow 
rate,  has  been  given  on  page  67 ;  the  ijsual  coDventional 
assumpiion  being  150  lbs.  moved  al  the  rale  of  SJ  miles 
per  hour  for  8  hours  a  day.     Al  greater  speeds  bis  power 
very  rapidly  diminishes,  a   large  portion  of  it  being  ei- 
jcnded  in  moving  bis  own  weight,     Tbc  following  table 
allows  the  results  obtained  by  differenl  authors  ;  iliose  of 
Tredgold  being  for  6  hours  daily  labor,  and  those  of  Wood 
or  10  hours. 

VBLM.TY. 

"■"—     11 

Mll«  |«r  h™r. 

I»iI1h. 

TnilpiW. 

W«rf              ^ 

2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
13 

100 
HI 
64 
49 
30 
25 
16 
0 
4 

a 

ISO 
135 
83 
i-2 

ia&         1 

H3                ' 

ea 
ao 

42 
36 

31        ; 

28 
35 
23 

SI        ; 

L 

From  llie  above  table  it  appears  that,  according  to  AVoodJH 
It  4  miles  per  hour  a  horse  can  draw  only  half  his  lotuffl 
H  a  miles  ;  at  8  miles  only  a  quarter;  and  eo  on.             H 

Al  10  miles  per  hour  Tredgold  considers  the  power  ■tf'H 
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bankmenls  Single  track  railroads  are  about  ten  feet 
less,  say  18  and  li  feet.  These  dimensions  are  used 
when  great  economy  is  required,  and  are  increased 
for  wet  cuts  and  high  banks. 

If  it  be  proposed  to  lay  only  a  single  track  at  first,  and 
subsequently  to  add  a  second  one,  the  cuttings  and  fillings 
should  always  be  made  at  first  of  the  full  width  for  a 
double  track  ;  for  the  extra  expense  of  the  additional  width 
is  but  a  small  proportion  of  the  whole,  and  a  narrow  cut 
or  bank,  is,  from  the  want  of  room  for  the  carts,  &c.  to 
pass,  worked  much  more  disadvantageously,  and  therefore 
much  more  expensively,  than  a  wide  one.  If  an  embank 
nient  be  subsequently  widened,  the  new  portion  will  not 
adhere  to  the  side  of  the  old  one  without  forming  the  lat- 
ter into  steps ;  and  in  widening  a  rock  excavation,  a  single 
blast  might  render  the  road  impassable  for  many  hours. 

The  other  subjects  properly  belonging  to  the  "  Cross- 
section,"  such  as  the  elevation  of  the  outer  rail  on  a  curve, 
&c.,  will  be  more  advantageously  examined  under  the 
head  of  "  Superstructure." 

Very  narrow  gaufte  railroads  have  been  worked  with  great  sncoes^s,  and  thoir 
nse  is  increasing.  Tlie  best  known  of  these  is  the  Festiniog  Railway  in  North 
Wales.  The  gauge  is  only  28i  inches.  A  heavy  traffic  is  carried  on  over  this 
ruad,  and  the  profits  yield  a  large  percentage  on  the  original  outlay.  A  3^  feet 
gauge  has  been  successfhlly  ased  in  Norway,  Sweden,  Belgium,  and  other 
places. 

It  seems  advisable  to  make  4  ft.  8|  in.  the  maximum  width,  and  to  adopt  a 
roach  narrower  gauge  where  the  traffic  is  limited.  On  the  Great  Western  Rail- 
way of  England  the  famous  7  ft.  gauge,  introduced  by  Brunei,  is  being  aban- 
doned ;  a  lai*ge  part  of  it  having  already  been  replaced  by  the  4  ft.  8|  in.  gauge. 
Several  wide  gauge  roads  in  the  United  States  have  been  changed  to  a  4  ft.  84 
in.  gaage. 


ilic  Olid  of  one  rope,  they  could  be  detached  from  ii,  and 
altaclied  to  the  succeeding  one,  without  any  stoppage. 

The  system  has  some  advantages  for  ahorl  Hnes  ovei 
which  the  travel  must  pass  at  brief  intervals,  owing  lo  thn 
economy  of  working  stationary  engines  ;  but  it  is  uHerlj 
iinsu'ted  for  general  use.  Its  radical  defect  is,  thai  Uia 
disarrangement  of  any  single  length  of  it,  by  any  acci 
dent,  must  stop  the  travel  on  the  whole  line.  It  is  a  chain, 
ihe  failure  of  any  link  of  which  will  render  the  whole  use- 
less, ll  is  therefore  now  seldom  employed,  except  on 
inclined  planes. 

A  very  convenient  application  of  the  aiystem  is,  how 
ever,  seen  on  the  London  and  Blackwall  railway,  3^  mile* 
long,  with  a  fixed  engine  at  each  end.  In  this  short  dis 
tancc  there  are  five  iniermedinte  stations  ;  but  no  deten 
lion  is  caused  by  them,  for  a  car  is  appropriated  to  each 
in  propel  order — the  last  of  the  train  being  the  on©  be 
longing  to  the  first  station,  and  so  on.  On  reaching  it,  ihe 
sort  of  pincers  by  which  the  car  is  attached  to  the  rope, 
opened,  and  the  car  there  stops,  while  the  others  of  the 
irain  move  on. 

A  railroad  worked  by  a  stationary  engine,  would  be  iho 
most  convenient  method  of  relieving  the  rush  of  travel 
through  Broadway.  The  railroad  track  shouiJ  be  sup- 
ported on  iron  columns,  out  of  the  way  of  carriages,  as  in 
the  figure.  These  columns  might  he  placed  on  the  edges 
of  the  sidewalks,  where  now  are  ihe  lamp  and  awning 
posts,  and  by  extending  over  the  gutter  ihey  would  have  a 
base  of  3  feet.*     Their  lower  extremities  should  be  set 
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III.    THE  CONSTRUCTION  OF  RAILROADS. 

The  two  principal  divisions  of  this  part  of  the  subject 
are — **  Forming  the  Road-bed,"  (which  corresponds  lo  the 
general  "  Construction"  of  common  roads) ;  and  the 
•*  Superstructure,"  which  includes  the  Rails,  and  their 
supports,  ties,  &c. 

1.  FOBMma  THE  ROAD-BBD. 
EXCAVATIONS. 

The  Excavations  on  railroads  are  often  of  much  greatei 
depths  than  are  ever  necessary  on  common  roads,  the 
extra  expense  being  amply  repaid  by  the  advantages  of 
the  easier  graces  and  straighter  lines  thereby  attained. 
There  is  an  excavation  (in  sand)  on  one  English  railway, 
110  feet  deep;  and  on  another,  16,000,000  cubic  yards 
of  material  were  removed.  The  thorough  drainage  of 
these  excavations  by  ditches,  cross-drains,  &c.,  is  of  the 
highest  importance.  Their  sides  often  need  to  be  sup- 
ported by  retaining  walls,  in  order  to  make  steeper  slopes 
possible,  and  thus  to  lessen  their  top  width,  when  they 
pass  through  valuable  ground.  Sometimes  these  retaining 
walls  are  supported  by  iron  beams,  or  flat  arches,  extend- 
ing across  the  railway  at  a' suflicient  height  to  clear  the 
engines.  In  one  remarkable  cutting,  60  feet  deep,  the 
upper  portion  of  it  was  rock,  but  the  lower  looser  matter. 
If  the  whole  cutting  had  been  extended  upwards,  with 
such  side  slopes  as  the  looser  and  lower  portion  required, 
it  would  have  been  more  than  200  feet  wide  at  its  tup, 
and  would  have  involved  very  great  expense  in  the  re- 
moval of  so  large  an  amount  of  rock.  The  sides  of  tlie 
cutting  were  therefore  made  nearly  perpendicular,  and  the 
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Steam  generated  by  the  boiler,  and  therefore  to  double 
either  its  length  or  its  diameter.  The  length  of  its  fluef 
cannot  be  advantageously  increased  ;  therefore  the  en 
largement  must  be  that  of  its  breadth.  To  effect  this, 
more  space  between  the  wheels  is  needed,  and  to  get  it,  a 
wider  track  is  required. 

Even  if  it  be  not  required  to  carry  great  loads  at  high 
speeds,  the  surface  of  the  boiler,  being  larger,  may  be 
less  intensely  heated,  and  will  therefore  last  longer. 

As  larger  driving  wheels  may  be  used  on  the  wide 
track,  their  adoption  will  enable  greater  speed  to  be  at- 
tained without  increasing  the  rate  of  motion  of  the  piston. 
The  expansive  force  of  steam  may  therefore  be  employed. 

The  larger  and  more  powerful  engines  will  do  more 
work,  with  no  more  men,  than  smaller  ones.  In  them 
there  is  therefore  the  same  economy  as  in  large  ships. 

OBJECTIONS  TO  THE  BROAD  GAUGE. 

More  ground  is  required  ;  and  the  excavations  and  em 
bankments  are  wider,  and  therefore  more  expensive. 

The  axles  must  be  heavier  to  have  the  same  strength  as 
before. 

There  is  an  increased  resistance  on  the  curves,  in  con- 
sequence of  the  increased  sliding  of  the  inner  wheels, 
which  is  equal  (as  was  seen  on  page  273)  to  the  differ- 
ence betv/een  the  lengths  of  the  outer  and  inner  rails,  and 
therefore  proportional  to  the  difference  of  the  respective 
radii  of  the  curves. 

The  larger  engines  of  the  broad  gaug."»  roads  have  more 
power  than  is  generally  needed,  and  therefore  part  of  it  ii 
practically  wasted. 

But  on  the  whole,  for  a  great  road,  the  advantages  of 
the  broad  gauge  would  indisputably  overpower  the  objec 


uor.s  to  it,  if  it   were  not  for  the  evils  of  "  Tlie  break  ol 
Hauge." 


This  is  the  name  given  to  the  inteirupiion  wl  ;ch  occurs 
whenever  a  road  of  broad  gauge  meets  one  of  narrow 
gauge,  and  which  rendera  iiecessary  ihe  change  of  pas- 
sengers, baggage,  and  freight,  from  one  sei  o!  cars  to  an- 
other, and  prevents  the  same  cars  being  run  through  without 
Iranshipment,  or  "  breaking  bulk."  Passengers  tiius  suffer 
much  delav,  confusion,  and  discomfort ;  and  merchandise 
is  exposed  to  damage  and  risk  oftoss,  in  being  thus  changed 
from  one  cm  to  another  midway  in  its  route,  besides  in- 
curring much  unnecessary  expense.  The  speedy  convey 
aiice  of  troops  is  also  an  important  consideration  ;  for 
railroads  are  one  of  the  most  powerful  means  of  national 
defence,  enabling  an  army  to  be  concentrated  rapidly  al 
any  point  attacked  ;  but  their  value  for  this  purpose  would 
be  greatly  lessened  if  it  were  necessary,  al  some  "break 
of  gauge"  on  ihe  route,  to  stop  and  lose  the  time  neces- 
sary for  transferring  the  troops,  with  their  artillery,  stores, 
&c  ,  from  one  set  of  cars  to  another. 

Most  roads  belong  to  the  narrow  gauge  class.  In 
England  llie  proportion  is  as  7  to  1  ;  there  being  in  op- 
eration, in  1846,  1901  miles  of  the  narrow  gauge,  and  only 
274  of  the  broad.  Every  new  road  of  broad  gauge,  con- 
necting with  a  narrow  one,  therefore  increases  the  evils 
of  the  break  of  gauge.  The  importance  of  lessening 
Lhem  has  given  rise  to  various  contrivances  for  that  pur- 
pose. The  following  are  the  four  principal  remedies  pro- 
posed. 

1.  Telescopic  a^hs.  The  asles  have  been  so  arranged 
thai  one  portion  shdes   In   the  other,  like  the  joints  of  a 
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EMBANKMENTS. 


The  embankments  of  railroads  demand  the  use  of  every 
possible  precaution  to  ensure  their  solidity ;  not  only  on 
account  of  their  size,  but  because  the  vibrations  imparted 
to  them  by  the  passing  trains,  greatly  increase  their  ten- 
dency to  slip.  The  expense  and  time  required  to  form 
them  in  layers,  as  recommended  on  page  166,  often  forbid 
the  adoption  of  that  method.  They  are  usually  con- 
structed by  raising  them  to  their  full  height  at  one  end, 
and  so  carrying  them  onward.  Temporary  rails  are  laid 
along  the  bank,  and  extended  with  it,  and  on  them  wagons, 
containing  each  about  3  cubic  yards,  are  drawn  by  horses, 
or  by  locomotive  engines,  if  the  distance,  or  "  lead,"  be 
great. 

It  has  been  ascertained  that,  contrary  to  the  usual  the- 
ory and  practice,  the  quantity  of  work  which  can  be  done 
on  an  embankment  so  made,  and,  consequently,  the  time 
which  will  be  required  for  its  completion,  does  not  de- 
pend on  the  area  of  the  face  of  the  cutting  which  supplies 
it,  or  on  the  number  ol  wagons  which  can  be  filled  in  it 
together  ;  but  on  their  rate  of  speed,  and  on  the  number 
of  them  which  can  be  emptied  in  a  given  time  over  the 
head  of  the  embankment,  to  the  top  width  of  which  this 
element  is  proportional.  The  number  of  wagons  drawn 
together  in  a  "  set,"  should  increase  or  decrease  with  the 
length  of  the  "  lead,"  and  the  breadth  of  the  end  of  the 
bank  ;  and  the  number  of  "  sets"  should  be  increased  at 
certain  exact  periods  in  the  progress  of  the  work,  which 
are  susceptible  of  mathematical  determination.* 


*  These  points  are  very  clearly  and  fully  examined  in  *'  Jjelv  8  li  Efr 
cavatioD  and  Embankment  on  Railways/'  London,  1840. 
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The  Royal  Commission,  appointed  by  the  British  Par 
liament,  in  1845,  to  investigate  this  subject,  made  an  elab- 
orate report  in  1846,  and  sum  up  as  follows : 

"  1 .  As  regards  the  safety,  accommodation^  and  conve 
nience  of  the  passengers,  no  decided  preference  is  due  to 
either  gauge  ;  but  on  the  broad  gauge  the  motion  is  gen 
erally  more  easy  at  high  velocities. 

"2.  In  respect  of  speed,  we  consider  the  advantages 
are  with  the  broad  gauge ;  but  we  think  the  public  safety 
would  be  endangered  in  employing  the  greater  capabili- 
ties of  the  broad  gauge  much  beyond  their  present  use, 
except  on  roads  more  consolidated,  and  more  substan- 
tially and  perfectly  formed,  than  those  of  the  existing 
lines. 

"  3.  In  the  commercial  case  of  the  transport  of  goods, 
we  believe  the  narrow  gauge  to  possess  the  greater  con- 
venience, and  to  be  the  more  suited  to  the  general  traffie 
of  the  country. 

"  4.  The  broad  gauge  involves  the  greater  outlay ;  and 
we  have  not  been  able  to  discover,  either  in  the  mainten- 
ance of  way,  in  the  cost  of  locomotive  power,  or  in  the 
other  annual  expenses,  any  adequate  reduction  to  compen- 
sate for  the  additional  first  cost." 

They  recommend  "  that  the  gauge  of  four  feet  eight 
inches  and  a  half,  be  declared  by  the  legislature  to  be  the 
gauge  to  be  used  in  all  public  railways  now  under  con- 
struction, or  hereafter  to  be  constructed,  in  Great  Britain." 
They  add,  that  **  great  commercial  convenience  would  be 
obtained  by  reducing  the  gauge  of  the  present  broad 
s^auge  lines  to  the  narrow  gauge  ;"  and  "  think  it  desirable 
ihat  some  equitable  means  should  be  found  of  producing 
such  entire  uniformity  of  gauge,  or  of  adopting  such  othei 

course  as  would  admit  of  the  narrow  gauge  cairiagea 
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by  Mr  George  Slcphenaon  in  1814.  By  applying  ihe 
"  slearn  blast,"  he  doubled  its  power  and  enabled  it  to  nir 
6  Hides  per  hour,  and  lo  draw  30  Ions 

Slill  no  great  progress  was  made  in  the  application  ol 
steam  to  locomolion,  until,  in  1839,  the  directors  of  llic 
Liverpool  and  Manchester  railway  resolved  tu  employ 
locomotives  in  preference  to  stationary  engines,  and  offered 
a  premium  for  the  best  engine,  not  heavier  than  sis  tons, 
which  should  be  able  lo  draw  twenty  lona  ul  the  rate  of 
ten  miles  per  hour,  and  should  fulfil  certain  other  condi- 
tions. Four  engines  appeared,  bul  the  "  Rocket"  engine, 
made  by  Mr.  Robert  Slephenaon,  won  the  prize,  having 
run  at  an  average  speed  of  15  miles  per  hour,  and  hav- 
ing performed  one  mile  at  the  rate  of  29|  miles  pef 
hour. 

Since  that  time  the  progress  of  improvement  baa  been 
onward,  and  one  engine  has  travelled  75  milea  per  hour; 
another,*  weighing  !5|  tons,  has  drawn  1263  loni 
(in  a  train  of  158  coal-cars,  2020  feet  long)  84  miles  in  3 
hours,  over  a  line  of  which  40  miles  were  level,  and  which 
had  curves  .if  only  700  feet  radius ;  and  a  third,"  weigh- 
ing only  8  Ions,  has  drawn  309  tons  on  a  level,  and  16 
tons  up  an  inclined  plane  which  rose  369  feel  lo  the  mile. 
T.he  Rocket,  however,  contained  the  germs  of  all  the  prin- 
ciples which  have  been  so  wonderfully  developed  in  it* 
successors,  and  which  will  now  be  briefly  noticed. 


»  Made  hj  Wi'l-am  Harm:  PhiludBlphia. 
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2.  THE  SUPERSTRUOTXTBE. 

Under  this  head  will  be  considered  ihe  besl  forms  and 
weights  of  rails,  whether  supported  at  intervals  (in  chairs, 
on  stone  blocks  or  wooden  cross-sleepers)  or  on  continuout^ 
oearings  for  their  whole  length  ;  and  their  proper  arrange 
ment,  inclination,  elevation,  &c.,  when  laid. 

RAILS    SUPPORTED    AT    INTERVALS. 

When  rails  are  supported  only  at  intervals,  on  props, 
like  a  bridge  on  piers,  they  are  liable  to  be  depressed  be- 
tween these  supports  by  the  heavy  loads  which  pass  over 
them.  It  is  therefore  very  important  to  give  them  such  a 
shape  as  will  secure  the  greatest  strength  with  the  least 
quantity  of  material.  The  form  indicated  by  theory,  and 
originally  adopted  in  practice,  is  that  called  "fishbellied," 
from  the  rounded  profile  of  its  under  side.     A  rail  of  such 

Fig.  121. 


a  for(n,  will  have  more  power  to  resist  deflection  than  a 
straight  one  of  the  same  weight,  in  the  proportion  of  1 1 
to  9.*  But  whatever  the  theoretical  advantages  of  tliis 
form,  its  inconvenience  in  practice,  owing  to  its  requiring 
a  higher  support,  which  is  therefore  less  steady,  has  caused 
it  to  be  generally  discarded. 

The  forms  now  used  are  all  varieties  of  the  parallel  or 
straight  rail,  in  which  the  top  and  bottom  are  parallel, 
and  which  has  the  same  cross-section   at  all   parts  of 


*  Lecount,  p.  110.    Barlow  doubts  thi& 
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times  [ilared  wiliiin  llie  smoke-box,  or  bottom  ot  the 
chimney,  so  that  none  oi  their  steam  is  condensed  by  the 
cold  atmosphere.  In  this  position,  besides  being  nearei 
ihe  centre  of  resistance,  they  act  with  a  less  injurious 
strain  ;  although,  two  pistons  being  necessary  to  pass  the 
"dead-points"  of  the  crank,  iheir  action  is  unavoidalilj 
unequal  on  each  side  in  turn.  But  this  arrangement  gives 
less  room  for  the  machinery,  and  renders  necessary  a 
double-cranked  asle,  which  is  consequently  much  weak- 
ened, though  cut  from  a  solid  mass  of  iron.  Both 
the  outside  and  inside  arrangements  have  their  advocates. 
Six  wheels  are  generally  employed,  the  two  largesi 
being  the  driving-wheels  to  which  the  power  is  applied 
These  arc  from  5  lo  7  feet  in  diameter,  the  others  being 
from  3  to  4.  Sometimes  all  are  made  of  the  same  size. 
Eight  wheels  are  also  used,  four  large  and  four  small,  the 
latter  being  under  a  truck,  which  supports  one  end  of  the 
engine,  and  is  attached  to  it  by  a  pivot  in  its  centre, 
around  which  it  can  readily  turn  when  on  a  curve. 
The  springs  are  so  adjusted  that  llie  principal  part  of  the 
weight  of  the  engine  is  thrown  upon  the  driving-wheels. 
Sometimes  two  pairs  of  wheels  are  coupled  together  lo 
obtain  greater  adhesion  in  ascending  inclined  planes,  bul 
this  arrangement  produces  an  unequal  strain. 

The  eccentrics  which  open  and  shut  the  slide-valves  lo 
admit  the  steam  to  each  end  of  the  cylinders  in  turn,  are 
so  adjusted  as  to  shut  off  the  steam  from  one  end  of  the 
cylinder  and  admit  it  to  the  oihe  ■  a  little  while  before  the 
piston  has  finished  its  stroke,  so  as  to  permit  the  eipan- 
ai/e  action  of  steam,  and  to  form  a  sort  of  steam  spring. 
to  deaden  the  jerks  of  the  engine.  The  degree  of  open- 
ing of  the  valve  in  advance  is  termed  the  "lead,"  and 
^_  ia  usually  from  one-eiglith  to  onc-fuurtli  of  an  iimb 


FORM    AND    WEIGHT    OF    RAILS.  21111 

The/orm  of  the  rail  being  decided  upon,  its  weighty  on 
(\hich  its  strength  depends,  is  next  to  be  determined. 
Tlie  weight  is  expressed  by  the  number  of  pounds  in  a 
lineal  yard.  Its  minimum  may  be  determined  thus.  A 
certain  breadth  is  necessary  for  the  bearing  surface  of  the 
rail,  that  the  wheel  may  run  upon  it  without  being 
grooved.  2\  inches  seems  the  minimum  for  this.  The 
minimum  breadth  is  desired,  in  order  that  as  much  as 
possible  of  tue  material  may  be  put  in  the  depth,  the 
strength  being  as  the  simple  breadth,  but  as  the  square 
of  the  depth.  The  minimum  depth,  to  resist  abrasion 
and  exfoliation,  is  1  ^  inches.  This  gives  a  sectional  area 
of  2|  X  1^  inches  =  3.75,  or,  say  4  inches,  which  corre 
spends  to  36  lbs.  to  the  yard*  This  is  then  the  minimum 
weight  permissible,  when  the  rail  is  supported  throughout 
its  whole  length;  but  if  supported  at  intervals  it  must 
have  much  greater  weight  and  strength,  their  degree  de- 
pending on  the  distance  between  its  points  of  support. 

This  distance  has  varied  from  3  to  6  feet.  It  is  now 
generally  made  less  than  3  feet.  For  Professor  Barlow's 
form  of  rail.  Fig.  122,  with  a  strength  of  7  tons,  the 
weight  should  be  51  lbs.  per  yard,  for  a  bearing  of  3  feet. 
To  attain  the  same  strength  with  a  bearing  of  6  feet,  the 
weight  should  be  79  lbs.  per  yard.  But  the  deflection  of 
the  rail  with  3  tons,  which  in  the  former  case  is  only  .024 
inch,  in  the  latter  is  .082  inch.  Thus  the  longer  bearings, 
when  equally  strong  with  the  shorter,  are  much  less  stiffs 
and  therefore  much  inferior  to  them.  The  effect  of  any 
depression  under  a  passing  load  is  that  the  engine,  at 
slow  speeds,  after  sinking  into  it,  has  an  inclined  plane  to 
ascend,  and  at  high  speeds  it  leaps  over  the  hollow,  and 
strikes  with  great  violence  upon  the  other  side  of  it.  A 
rail  having  been  bent  half  an  inch,  and  then  covered  with 
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paint,  an  engine  with  a  train  of  cars  was  run  over  it,  and 
none  of  the  wheels  touched  the  paint  for  a  space  of  88 
inches.*  Strength  to  resist  deflection  is  therefore  as  ioi- 
portant  to  a  rail  as  its  strength  to  bear  weights.  The 
latter  should  be  double  the  mean  strain  or  load.  The 
former  should  not  admit  of  a  depression  under  a  passing 
load  of  more  than  yf  ^  of  an  inch. 

The  weight  of  rails  has  been  yearly  increasing.  The 
first  rails  laid  on  the  Liverpool  and  Manchester  railway 
were  only  35  lbs.  to  the  yard  ;  they  have  been  succes- 
sively replaced  by  rails  weighing  50,  65,  and  75  lbs.  to 
ihc  yard.  The  rail  shown  in  Fig.  123  weighs  75  lbs.  to 
the  yard,  with  bearings  3  feet  9  inches  apart.  Its  whole 
depth  is  5  inches ;  the  top  and  base  are  2|  inches ;  and 
the  thickness  of  the  middle  rib  is  about  |  of  an  inch.  On 
the  Massachusetts  railroads  the  rails  weigh  from  56  to  60 
ios.  per  yard,  and  rest  on  cross-sleepers,  2  feet  6  inches 
iipart ;  the  weight  on  a  driving  wheel  being  from  5,000  to 
8,000  lbs.  English  rails  weigh  from  60  to  80  ponnds  per 
yard,  and  German  rails  from  50  to  70  pounds.  Steel  rails 
can  be  made  much  lighter  than  iron  ones,  and  yet  have 
the  same  strength.  The  steel  rails  on  the  Hudson  River 
Railroad  weigh  from  56  to  60  pounds  to  the  yard. 

The  rails  are  usually  rolled  in  lengths  of  from  12  to  20 
feet.     Their  ends  have  received  various  shapes.     Square 
or  butt  ends,  Fig.  125,  are  generally              Fig-  125. 
preferred,    but    cause     considerable    c^             II  \ 

shock  to  the   wheel.     The  half-lap             '  Fig.  126. 
joints.   Figs.    126    and    127,    retain    ^     '          j^        i 
tlie/r  positions  better,  but  weaken  the             p-     ^^^ 
rail.    The  form  shown  in  Fig.  128  is     j u  \ 


•  Lucount,  p.  89. 
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recommended  when  trains  nm  ^'g-  ^28. 


on  each  track  in  only  one  d'-    I ZZ§Z 

rection,  (as  indicated  by  the  ar- 
row) so  that  they  never  meet 


the  points  of  the  rails.*  §  //" 


Between  the  ends  of  two  successive  lengths  of  rails,  a 
space  must  be  left  to  allow  for  their  expansion  by  heat. 
The  expansion  of  a  fifteen  feet  rail  may  be  taken  at  j^i^ 
of  an  inch  for  each  degree  of  Fahrenheit,  or  }  inch  for 
100°.  If  the  rails  were  laid  in  the  coldest  weather,  a 
space  of  one-eighth  of  an  inch  should  therefore  be  left 
between  their  ends.  The  force  with  which  iron  expands 
is  from  6  to  9  tons  per  square  inch  of  section,  which  cor- 
responds to  10  lbs.  to  the  yard  ;  so  that  the  rail  of  70 
lbs.  expands  with  a  force  of  about  fifty  tons. 

CHAIRS. 

The  rails  may  be  fastened  directly  to  their  supports, 
or  have  their  ends  also  held  by  "  chairs,"  spiked  to  the 
blocks  or  cross-sleepers.  The  chairs  are  generally  of 
cast  iron,  and  weigh  from  20  to  30  lbs.  They  are  cast 
in  one  piece,  consisting  of  a  bottom  plate,  and  two  side 
pieces,  between  which  the  rail  passes,  its  under  surface 
being  about  an  inch  above  the  block.  The  opening  of  the 
chair  must  be  as  wide  as  the  lower  part  of  the  rail,  in  or- 
der that  it  may  be  removed  and  replaced  without  disturb- 
ing the  chair.  Keys  of  wood,  or  of  iron,  must  therefore 
be  employed  to  fill  up  this  opening,  and  to  hold  the  rail 
firmly  in  the  chair,  but  without  offering  any  resistance  to 
its  longitudinal  motion  in  expansion  and  contraction. 

On  the  Liverpool  and  Maiichester  Railway  the  chair 

-^ — ' — —  -* 

*  Lecount^  p«  112. 
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The  friclion  of  SJ  Ibu.  lo  ihe  ion,  wilh  wliich  tlie  pre- 
ceding lable  was  calculated,  was  found  (p.  265)  lo  be  loo 
small.  The  following  table  has  been  calculated  by  ukinK 
the  friction  at  10  lbs.  per  ton,  (the  average  amount  for  a 
bIow  freight  speed,)  the  other  data  remaining  unchangpd. 
The  principles  of  the  calculation  are  found  on  pages  'iii 
and  276-7.  Tlie  adhesion  is  taken  al  one-eigbtli  of  tlie 
weight  resting  on  the  driving  wheels* 


I 
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of  Ihe  mil  lm»l  1  iBW^MF*  lo  i™»- 
OD  H  Imvl.        !»« Ihe  rml  liHd. 

fcelpermita. 

SO 

., 

1S5 

The  above  table  shows  tbat,  wilh  its  data,  on  an  ascciil 
of  20  feet  per  mile,  iwo  engines  will  be  required  lo  trans 
port  the  load  which  one  could  draw  on  a  level  ;  that  tlireo 
engines  would  be  required  on  an  ascent  of  40  feel  pel 

A  compnrison  of  the  two  tables  also  shows  that  by  assuDiin^ 
s  small  amount  of  friction,  ascents  are  mude  lo  appear  mucb  mow 
objeoUonable,  relatively,  than  if  a  larger  amount  of  friclion  hul 
been  employed.  Thus,  on  an  ascent  of  fiO  feet  per  mile,  acconl- 
ing  to  the  fonner  table,  (RalculBted  with  the  insufiit^ient,  ihnngh 
commonl;  assamed  fiiclion  of  8^  lbs.  to  the  ton,)  four  eaginiw 
are  required  to  do  the  work  of  onn  apnn  a  level ;  bul  the  latier  aiid 
more  correct  tabla  shows  that  only  three  and  a  half  aro  ncwled. 
<  t'or  higher  speeds,  and  consequent];  greater  reMsUoces,  ihe  samn 
ascents  would  be  found  to  bo  relaljvel)'  much  Ims  ininrioua^as  h» 
been  shown,  on  page  34,  wilh  referetice  lo  oommon  muls. 

*  The  ^eatestadheBion  of  iron  upon  irnn  is  about  one-sixth  uf  thDUWit 
eat  weight ;  but  in  wet  and  freonog  weather  becomes  almust  nothing.   It 
IraBeOB  with  the  increase  of  Ihe  slope  tif  the  road,  nearlj  as  the  sue  of  tlifl  M 
L  It  would  evidently  Ni  tiuUiing^ifthe  Tuod  were  TBTtiw 
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The  most  perfect  arrangement  for  joining  the  rails, 
iud  for  keeping  them  at  the  same  level  and  in  line  with 
3ach  other,  is  "  fish-plates.'*  These  are  iron  plates,  bolted 
311  each  side  of  the  rails  at  the  joints. 

They  should  be  at  least  20  inches  long,  fit  closely  be- 
tween the  head  and  base  of  the  rail,  and  be  in  contact 
with  the  vertical  web  throughout  the  entire  length  of  the 
plates. 

They  should  be  secured  by  four  f  inch  bolts.  The 
holes  in  the  plates  and  rails  should  be  oblong,  to  allow 
for  the  expansion  and  contraction  caused  by  the  changes 
of  temperature. 

STONE  BLOCKS. 

Stone  blocks  imbedded  in  the  ballasting,  have  been  till 
lately  the  principal  supports  employed  on  the  English 
railways.  They  are  usually  blocks  of  granite,  or  whin 
stone,  two  feet  square  and  one  foot  deep.  The  custom- 
ary distances  between  their  centres  have  been  noticed  on 
page  271.  They  are  sometimes  placed,  as  in  Fi^.  133, 
with  their  sides  parallel  to  the  Hne  of  the  road  ;  and  some- 
limes  diagonally,  as  in  Fig.  134. 

Fig.  133.  Fig.  134. 

[uj  i_uijL±l  liilLiLJLil  — \iy  \Li/  VL^  ^  My  \u/ 

TST-GnxRi  nnrTn [:;n_      — ^^s-.^^/^  /|^^ ^ ^ 

— I  uimnm  mil  u  iiui —       — ^\y  Sii/\i^\y  ^v/ 

Both  plans  have  their  advocates.  The  former  position 
offers  more  resistance  to  motion  in  the  line  of  the  road.* 
The  latter  is  less  stable,  but  is  niore  convenient  for  pack- 
ing the  ballast  around.     Circular  blocks  have  been  pro- 


*  In  the  proportioii  of  1728  to  1629     For  the  investigation,  soe  Lo 

cocmt,  p  93 
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The  complete  average  expense  per  train  per  mile  of  run- 
ning eleven  New  York  railroads  during  1850,  was  61 
cents  for  passenger  trains,  (ranging  froin  34  to  94  cents,) 
and  87  cents  for  freight  trains,  (ranging  from  37  lo  159 
cents  ;]  including  in  this  the  expenses  of  maintaining  tlie 
road,  of  repairing  machinery,  and  of  operating  ihe  road. 

Upon  the  same  roads,  the  average  cost  per  passcngcc 
per  miie  was  ]  jYs  cents  ;  the  lowest  being  yVsi  ^i"!  '''* 
highest  2yVt-  The  average  cost  of  freight  per  ton  wa,< 
3rVff  cents ;  the  lowest  being  IrVi.  and  the  highest  4yVi 


Upon  five  leading  Massachosettb  Railroads,  the  aver- 
age expenses,  for  Passenger  trains,  per  mile  run,  was  74 
cents,  (from  63  to  93  cents,)  and  per  passenger  per  mile 
1  cent,  (from  yV*  1°  'tVoO 

Upon  the  same  five  roads,  the  Freight  expenses,  pei 
mile  run,  averaged  89  cents,  (from  81  to  96  cents.)  and 
per  Ion  per  mile  I^'jfj  cents,  (from  -^  lu  l-^g-) 

The  expenses  on  the  Utica  and  Kcheneclady  road  art 
classified  thus  :* 


UUca  and  ScheDMbicly  Ralirraul. 

Ix-rmllK  ni.i. 

,,»:. 

as 

M 

o  '^ff"'-^^  •^  *f  ■) 

(0*™  i-xueiwM,  [jibnn™,  Cniiil(i(iiira, 

bl>|;illDnWD,&cri]<-l.UII,DIHlWB9(r!, 

7< 

1-a       1 

*  N.V.  8(alH  EnKliiH^rV  Rt.tHirl  an  I 
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The  "  ties/*  or  cross-sleepers,  can  be  made  to  last  much 
longer  by  preserving  them  by  chemical  means.    Some  of 

the  methods  are  given  on  p.  254. 

CONTINUOUS  SUPPORTS. 

When  rails  are  supported  at  intervals,  the  less  the  in- 
tervals and  the  nearer  the  supports,  the  less  will  be  the 
yielding  and  deflection  of  the  rails.  Carrying  out  this 
principle,  and  continually  lessening  the  intervals,  we  at 
last  arrive  at  continuous  supports.  The  advantages  of 
such  solid  bearings  for  the  rails  would  seem  to  admit  of 
no  dispute.  It  is  evident  that  an  iron  bar,  laid  on  a  series 
of  points,  will  be  much  more  easily  bent,  either  laterally 
or  vertically,  by  the  heavy  blows  or  jolts  of  a  carriage, 
than  when  the  same  bar  is  made  to  form  a  part  of  the 
solid  roadway.  The  system  of  continuous  supports  ot 
longitudinal  timbers  is  therefore  superior  to  any  other  in 
strength,  solidity,  and  ease  of  motion.  It  has  been  of  late 
increasing  in  popularity  in  England,  in  spite  of  the  cost 
of  timber  in  that  country,  while  with  us  it  has  been  aban- 
doned on  our  best  roads  for  the  system  of  supports  at 
intervals.  This  has  probably  arisen  from  the  circum- 
stance that  most  American  roads  with  longitudinal  timbers 
have  been  laid  with  plate  rails,  so  thin  that  their  ends 
sometimes  spring  up  so  as  to  form  "  snake-heads,"  and 
have  thus  received  the  scarcely  caricatured  description  of 
**  A  hoop  tacked  to  a  lath."  Such  roads  have  the  defects 
-^f  instability,  insecurity,  inequality  of  surface,  waste  of 
power,  resistance  to  speed,  and  great  expense  of  main- 
tenance. But  these  faults  do  not  belong  to  the  system  it- 
self, but  to  its  imperfect  execution.  The  rails  should  he 
heavy  edge  rails,*  of  suitable  form,  and  in  :ontact  with  the 
timbers  for  their  whole  length ;  and  the  longitudinal  timbers 
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The  com]iaralive  safely  of  railroads  is  one  o(  dieir 
iTioel  TiJuable  attributes,  lliongh  (lie  one  least  appreciated 
and  most  imperfectly  realized.  The  popular  impres^or 
ia  generally  the  reverse  of  the  truth,  for  an  accident  lo  a 
stage-coach  is  seldom  heard  of  beyond  the  immediale 
scene  of  its  occurrence,  while  any  railroad  disaster  is 
pnssed  from  paper  to  paper  over  the  whole  land. 

There  are  many  reasons  why  (ravelling  on  railroads 
should  be  safer  than  on  common  roads.  The  former  are 
level  instead  of  hilly,  and  smooth  instead  of  uneven ;  and 
all  miscellaneous  travel  is  excluded. 

The  cars  are  safer  than  coaches,  because  their  centres 
of  gravity  are  lower ;  their  axles  are  less  exposed  lo  vio- 
lent shocks,  and  therefore  are  less  subject  to  break ;  and 
ihey  are  altogether  les,«  exposed  lo  be  overturned. 

Locomotive  engines  are  safer  than  horses,  because  tliey 
are  not  liable  lo  take  fright,  shy,  or  run  away  :  and  can 
bo  slopped  at  once  by  a  brake,  lamed  down  by  opening  s 
valve,  and  backed  by  simply  moving  a  lever. 

The  statistics  of  railroads  fully  confirm  the  conclusioni 
of  theory.  On  the  English  railroads,  according  to  (be 
parliamentary  returns,  between  1840  and  1845,  both  in 
elusive,  more  than  120,000,000  of  passengers  were  car- 
ried, and  of  these  only  66  were  killed,  or  one  in  nearly 
two  millions;  and  only  :1 24  others  were  In  any  way  in- 
iured,  or  one  in  nearly  four  hundred  thousand. 

On  the  Belgian  railruuds,  6,609,316  persons  lnivell«i 

between  1835  and  1839,  and  of  these  15  were  killed  awJ 

16  wounded.     But  of  llieso,  20  were  persons  employed 

on  the  railroads,  and  only  3  passengers  were  killed  and  i 

,  Wounded.     In  1842,  of  2,716,755 


/ 
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Biich  Icngitudinal  sleepers,  and  of  removing  and  replacing 
them,  is  the  chief  cause  of  the  general  preference  of  crose- 
ties,  or  transrerae  sleepers. 

Triangular  sleepers  have  F*  "'■ 

been  employed,  with  a  rail 
forked  at  bottom,  as  m  the 
figure.  The  rail  can  thus 
be  very  firmly  attached  to 
the  sleeper,  the  shape  of 
whicli  gives  it  much  sta- 
bility. 

Evans'  method  of  fastening  is  warmly  recommended  by 
Professor  Vignoles.  The  rails  arc  rolled  with  a  sUl,  or 
groove,  of  a  dove-tailed  shape,  (in  its  cross- section)  run- 
ning on  their  under  side  for  their  whole  length.  The  bolts 
have  heads  of  corresponding  shape,  and  are  slipped  into 
the  end  of  the  groove,  passed  along  it,  and  dropped  through 
holes  made  at  proper  intervals  in  the  longitudinal  timbers. 
The  lower  ends  of  the  bolts  are  cut  into  screws,  and 
washers  and  nuts  draw  the  rails  close  down  to  the  tim- 
bers. They  are  easily  tightened,  and  not  exposed  to  ir. 
jury,  while  spikes  and  screws  get  loose,  and  their  heads 
are  in  the  way. 

Upon  the  Great  Western  Railroad,  between  Bristol  and 
London,  (on  which  Mr.  T.  K.  Brunei  first  introduced  into 
England  the  system  of  longitudinal  bearings)  the  hollow 
rail,  shown  in  Fig.  138,  was  Fig.  13U. 

adopted.  The  original  rails 
weighed  only  44  Iba.  to  the 
yard,  and  were  IJ  inch  high, 
the  head  of  the  inner  screw 
being  countersunk.  The  later  ones  weigh  70  lbs.  to  the 
yard,  and  are  2^  inches  high  ;  the  increase  of  height  be 
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gine  maVes  it  the  anvil  on  which  the  oilier  one  falls  like  i 
trip-hammer,  crushmg  every  thing  beiweeo  them. 

The  excessive  speed  demanded  by  the  impatience  of 
llie  travelling  public  diminishes  the  controlling  power,  and 
makes  the  consequences  of  any  negligence  or  malicioi 
obsi ruction  proportionally  destructive. 

Wilful  disobedience  of  orders  on  the  part  of  engine 
drivers  and  conductors,  (as  to  time,  turning-out  places, 
waiting  for  other  trains,  &c.)  reckless  exposure  to  posai- 
bitiiies  of  collision,  and  insane  confidence  in  good-luck, 
are  causes  of  the  majority  of  accidents;  and  though  n 
faithful  superintendent  would  permit  such  men  to  have  a 
second  opportunity  for  similar  misconduct,  yet  the  disas 
Iroua  effects  of  even  the  first  faults  might  be  generally 
avoided  by  employing  only  men  of  undoubted  inlelU- 
gcnce,  experience,  sobriety,  and  self-control,  and  securing 
the  services  of  the  very  best  of  their  class  by  liberal  com 
pensalions. 

The  second  division  of  accidenls  included  those  caused 
by  inherent  faults  in  the  construction  and  working  of  ^fl 
railroad.  These  may  be  in  a  great  degree  guarded 
-against,  by  careful  and  continual  inspectii^nof  ihelineofthe 
road,  and  examination  of  all  parts  of  the  engines  and  c 

The  explosion  of  the  locomotive  boiler  is  often  injuri 
ous,  if  not  fatal,  to  the  engine-men,  and  by  its  stoppagv. 
of  the  train  may  cause  a  collision  with  a  following  one. 

The  settling  of  an  embankment  may  cause  a  deprca- 
dion  of  one  side  of  the  road,  which  will  compel  the  en 
gine  to  run  off.  The  looseness  of  a  rail,  its  breakage) 
(when  supported  only  at  intervals)  the  misplacing  of  a 
switch,  &c.,  may  produce  a  similar  result.  The  destjuc- 
I  live  consequences  would  be  much  lessened,  if  means  wepB ' 
^^^^orided  for  instantly  detaching  the  train  from  t'le  engiMw 
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it,  tlic  gauge  of  the  road,  and  the  "  cone"  of  the  wheels 
With  these  elements  it  may  be  readily  calculated.*  Some 
results  (with  the  usual  data)  are  given  in  the  following 
table  : 


RADIUS  OF  THE 
CURVE. 

ELEVATION  OF  THE  OUTER  RAIL. 

At  10  milect  per  huar. 

At  S20  miles  per  hour. 

At  30  miles  per  hoar. 

Feet. 

Inches. 

Inches. 

Inches. 

250 

1.14 

5.60 

12.99 

500 

0  57 

2.83 

6.56 

1000 

0.29 

1.43 

3.30 

2000 

0.15 

0.71 

1.65 

3000 

0.10 

0.47 

1.10 

4000 

0.07 

0.36 

0.83 

5000 

0.06 

0.28 

0.66 

An  approximate  rule  for  finding  the  elevation  is  this: 
"  Multiply  the  square  of  the  velocity,  in  feet  per  second, 
by  the  gauge  of  the  railroad  in  inches ;  and  divide  the 
product  by  the  accelerating  force  of  gravity,  multiplied 
by  the  radius  of  curvature  in  feet,  and  the  quotient  will 
be  the  elevation  in  inches." 

For  a  velocity  of  30  miles  per  hour  on  a  curve  of  1000 

feet,  this  rule  gives  — 77^  ^  ^-^  inches. 

The  old  practice  made  the  greatest  elevation  1  inch; 
which  is  that  due  to  a  velocity  of  30  miles  per  hour  on  a 
curve  of  two  thirds  of  a  mile  radius.  When  the  cars  go 
faster  than  the  velocity  assumed  in  the  calculation,  which 
has  determined  the  elevation,  their  flanges  press  the  outer 
rail ;  when  slower,  they  press  the  inner  one. 

SIDINGS,    CROSSINGS,    ETC. 

On  railroads  which  have  only  a  single  track,  a  second 
one,  called  a  sidings  is  occasionally  laid  for  a  short  dis 


«  See  Pambonr.  pp.  277-290  ;  and  Lecount,  pp.  135-14a 
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tartce,  to  form  a  passiDg-pIace  for  meeting  trains.  Crm- 
ings  are  the  arrangements  by  which  cars  pass  from  one 
track  to  the  other.  l*he  angle  of  their  divergence  should 
not  exceed  1|°  or  2**  for  speeds  of  20  or  30  miles  pei 
hour,  but  when  the  speed,  as  in  nnines,  is  not  more  than 
8  miles  per  hour,  the  angle  may  be  as  many  degrees.* 
They  are  always  dangerous,  and  therefore  the  fewer  of 
them  that  are  employed  the  better.  The  misplacing  of 
them,  carelessly  or  malevolently,  causes  a  large  portion 
of  the  accidents  on  railways.  Their  simplest  %m  is  that 
of  two  "  points"  or  "  switches,**  which  are  attached  atone 
end  to  the  main  track,  and  are  moveable  at  the  other,  so 
as  to  continue  the  principal  line,  or  to  connect  it  at  pleas- 

Fig.  139. 


ure  with  the  side-track.  The  switches  are  usually  moved 
by  hand,  with  either  a  lever  or  an  eccentric.  A  signal 
plate  at  the  top  of  the  lever,  with  which  it  moves,  by  its 
position  shows  to  the  engine-driver,  as  he  approaches,  to 
which  track  it  is  prepared  to  turn  the  train.  Self-acting 
switches,  kept  in  place  by  powerful  spiral  springs,  and 
moved  by  the  flanges  of  the  engine  wheels,  have  been 
tried ;  but  the  system  of  manual  operation  is  preferred, 
with  all  its  uncertainties,  owing  to  the  self-acting  arrange 
ment  rendering  it  impossible  for  the  conductor  to  know 
whether  the  switches  are  in  place  or  not  until  he  is  upon 


*  Cresy,  Encyclopedia  of  Civil  Engineerings  p.  1576b 
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them,  when  any  precaution  which  might  be  rei|uireo 
would  be  too  late.* 

Turn-tables,  or  Turn-plates,  are  platforms,  turning  on 
rollers  upon  an  underground  circular  railroad,  and  forming 
a  very  convenient  substitute  for  switches,  in  transferring 
carriages  from  one  set  of  rails  to  another. 

A  Hydraulic  Traversing  Frame  has  been  used  instead 
of  Turn-tables.  It  consists  of  a  wrought-iron  frame,  un- 
der each  corner  of  which  is  a  cast-iron  hydrauhc  press, 
operated  by  force  pumps.  The  frame  is  pushed  under 
the  carriage  to  be  moved,  the  pumps  are  worked,  and 
raise  the  flanges  clear  of  the  rails.  The  carriage  is  then 
moved  to  the  desired  spot  and  there  let  down.t 

SINGLE    RAIL    RAILROAD. 

In  this  arrangement  a  single  rail  is  supported  on  posts 
at  a  suitable  height  above  the  ground,  and  passes  through 
the  middle  of  the  cars,  which  hang  from  it  on  each  side, 
like  two  saddle-bags  on  a  horse.  The  advantages  of  thus 
lowering  the  centre  of  gravity  are  considerable  ;  the  cars 
can  never  leave  the  track  ;  and  the  expenses  of  construe 
lion  are  much  reduced.  In  some  situations  this  system 
might  be  very  conveniently  employed. 

The  engines  devised  by  Mr.  Fell  require  three  raila,  the  centre  one  being 
f^ripped  by  horizontal  driving  wheels.  This  system  not  only  gives  great  in* 
crease  of  tractive  power,  bnt  is  mnch  safer,  the  central  rail  making  it  almost 
impossible  for  the  engine  to  leave  the  track.  It  was  used  for  the  railroad  owf 
MooDt  Cenis. 


•  Ritchie,  p.  116. 

t  Crety,  Encyclopedia  of  Ciyil  Engineer' ag,  p.  VKH. 
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4.  ATMOSFB££I0  PBESSOBfi 

The  pressure  of  the  almosphete  is  usually  assumed  to 
be  15  lbs.  oD  every  square  inch  of  surface,  and  though 
the  equality  of  ihis  pressure  in  all  (iii:eclions  renders  it 
^nerally  insensible,  it  becomes  very  apparent  to  the 
:jeD:fe3  when  tbe  hand  is  held  on  one  end  of  a  cylinder 
from  the  interior  of  which  the  air  is  drawn  out  by  an 
Bir-pump.  It  is  tliis  pressure  which  is  the  motive  powet 
of  the  Athosfhebic  Railway. 

The  first  idea  of  such  a  construction  seems  to  hare 
originated  in  1305,  in  which  year  an  Englishman,  named 
Taylor,  proposed  to  employ  atmospheric  pressure  for 
■sending  letters  and  parcels  from  town  to  town.  Hie 
plan  was  to  lay  a  long  tube,  like  a  gas  or  water  pipe,  be- 
tween the  places,  and  to  fit  into  it  an  air-tight  piston.  If 
the  air  was  pumped  out  from  one  end  of  such  a  tube,  the 
pressure  of  the  atmosphere  would  force  forward  Uie  pis- 
ton, and  any  thing  attached  to  It. 

In  1810,  Medhurst  proprscd  to  make  a  tube,  archway, 
or  tunnel,  large  enough  to  contain  carriages  with  passen- 
gers, to  be  propelled  in  a  similar  manner.  But  this  scheme 
was  never  put  into  practice,  for  travellers  did  not  relish 
the  idea  of  being  shot  through  a  tube,  like  pellets  in  a 
popgun. 

The  problem  was  now  to  devise  some  means  of  com 
niunicaiing  the  motion  of  a  piston,  blown  through  an  air- 
tight tube,  to  a  carriage  on  the  outside  of  this  tube. 

Medhurst,  in  1827,  proposed  to  make  the  desired  com 

OlHnicalion  and  application  of  power,  through  a  channpl, 

~~r  groove,  on   the  lop  of  the  tube,  filled   with  water  to 

ike  il  air-light.     He  also  siigguaKd  tiie  use  uf  a  hjuk 


MOTIVE    POWERS.  313 

a  horse  to  be  37  lbs.  moved  10  miles  per  day.     At  the 
same  velocity  Sir  John  Macneill  estimates  it  at  60  lbs. 
moved  8  miles  per  day. 

The  power  of  a  horse  is  also  very  rapidly  diminished 
upon  an  ascent.  On  a  slope  of  1  in  7  (8^°)  he  can  carry 
up  only  his  own  weight,  without  any  load. 

It  is  consequently  very  desirable  to  find  a  motive  power 
on  railroads,  so  much  of  which  would  not  be  uselessly 
lost  at  the  high  speeds  which  their  diminution  of  friction 
renders  possible.  Steam  has  been  therefore  employed, 
through  the  medium  of  Stationary  Engines,  and  of  Loco 
motives. 

2.  STATIONABY  ENGINES. 

Stationary  steam  engines  were  once  the  rivals  of  loco- 
motives, as  motive  powers  for  railroads,  and  were  recom- 
mended by  two  distinguished  engineers,  less  than  twenty 
years  ago,  for  adoption  on  the  Liverpool  and  Manchester 
railway.  It  was  proposed  to  place  fixed  engines  along  the 
line,  at  stations  1|  miles  apart.  These  engines  were  to 
turn  large  drums,  or  cylinders,  around  which  were  wound 
ropes,  4  or  5  inches  in  diameter,  stretched  along  the  road 
between  the  rails,  and  supported  on  rollers.  The  wagons 
were  to  be  hooked  to  the  ropes,  and  would  be  drawn  on- 
wards with  them,  as  they  were  wound  up  on  the  revolving 
cylinders.  An  endless  rope  might  also  be  employed,  and 
two  trains  of  cars  be  drawn  at  the  same  time  in  opposite 

Fig.  14a 


I) 


directions,  as  indicated  by  the  arrows  in  the  figure.    When 
che  cars  had  passed  over  the  mile  and  a  half,  and  reached 
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the  end  of  one  rope,  they  could  be  detached  from  iti  and 
attached  to  the  succeeding  one,  without  any  stoppage. 

The  system  has  some  advantages  for  short  lines  ovei 
which  the  travel  must  pass  at  brief  intervals,  owing  to  the 
economy  of  woi:king  stationary  engines  ;  but  it  is  utterly 
unsuited  for  general  use.  Its  radical  defect  is,  that  the 
disarrangement  of  any  single  length  of  it,  by  any  acci 
dent,  must  stop  the  travel  on  the  whole  line.  It  is  a  chain, 
the  failure  of  any  link  of  which  will  render  the  whole  use- 
less. It  is  therefore  now  seldom  employed,  except  on 
inclined  planes. 

A  very  convenient  application  of  the  system  is,  how 
ever,  seen  on  the  London  and  Blackwall  railway,  d|  miles 
long,  with  a  fixed  engine  at  each  end.     In  this  short  dis 
tance  there  are  five  intermediate  stations  ;  but  no  deten 
tion  is  caused  by  them,  for  a  car  is  appropriated  to  each 
in  propel  order — the  last  of  the  train  being  the  one  be 
longing  to  the  first  station,  and  so  on.     On  reaching  it,  the 
sort  of  pincers  by  which  the  car  is  attached  to  the  rope,  is 
opened,  and  the  car  there  slops,  while  the  others  of  the 
train  move  on. 

A  railroad  worked  by  a  stationary  engine,  would  be  the 
most  convenient  method  of  relieving  the  rush  of  travel 
through  Broadway.  The  railroad  track  should  be  sup- 
ported on  iron  columns,  out  of  the  way  of  carriages,  as  in 
the  figure.  These  columns  might  be  placed  on  the  edges 
of  the  sidewalks,  where  now  are  the  lamp  and  awning 
posts,  and  by  extending  over  the  gutter  they  would  have  a 
base  of  3  feet.*     Their  lower  extremities  should  be  set 


*  This  arrangement  of  the  columns  y^aa  suggested  by  Charles  EUett, 
Jan.,  C.  E.,  in  1844,  for  an  "  Atmospheric  Raiht>ad."  In  1834,  )fr.  J.U. 
Fatten  proposed  to  use  a  secondary  street,  and  to  connect  the  columiui  In 
arches  across  the  street,  forming  a  flooring  on  which  horses  should  travd 
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in  heavy  masses  of  masonry.  At  lop  they  should  spread 
outward,  a  foot  on  each  side,  which  would  give  sufficient 
width  for  the  railroad  track.  The  columns  should  be  sel 
at  distances  of  1 5  or  20  feet,  and  connected  by  flat  arches 
There  would  be  no  flooring  over  the  street,  and  the  rails 
would  intercept  no  more  light  than  do  the  boards  which 
now  connect  tlie  awning  posts.  No  locomotives,  or  even 
horses,  would  pass  over  the'  road ;  but  an  endless  rope 
would  continually  run  over  pulleys,  and  light  cars  would 
be  under  the  most  perfect  control,  and  could  be  attached 
to  it,  or  disengaged,  at  will,  and  stopped  more  easily  Uian 
an  ordinary  omnibus.  At  the  upper  end  of  Broadway,  a 
stationary  engine,  or  the  water-power  of  the  Croton,  would 
easily  and  cheaply  keep  up  the  circulalion,  which  would 
pass  up  one  side  of  the  street  and  down  the  other.  At 
each  corner  might  be  a  platform,  to  which  there  would  be 
a  shoit  flight  of  steps  from  the  sidewalk,  the  ascent  of 
which  would  be  very  easy  ;  or  a  certain  number  of  corner 
houses  might  be  used  as  depots,  so  that  passengers  might 
step  into  ihe  oars  from  their  second-story  windowa.     As 
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Tlie  8peed  is  proportioned  lo  ihe  rapidilv  with  which 
i.he  air-  pump  exhausts  the  pipe,  and  iherf  fore  to  llnj  ve 
locity  with  which  the  air-pump  pistoa  moves,  and  to  llie 
ratio  between  its  area  and  that  of  the  travelling  piston. 
Air  rushes  into  a  vacuum  with  a  velocity  of  800  miles  pet 
hour,  and  this  is  therefore  the  maximum  limit  of  spewl. 
It  is  probable,  however,  that  a  raihoad  which  approxima- 
ted to  this  speed  would  find  but  few  passengers,  and  a  mile 
in  63  seconds,  or  58  miles  per  hour,  is  the  nearest  ap- 
proach to  it  yet  made. 

The  vacuum  may  be  made  not  only  by  working  an  air- 
puinp  by  a  steam  engine  or  by  water-wheels,  but  by  fill- 
iiiir  an  air-tight  vessel  with  waler,  subsequently  allowed  lo 
run  out  at  a  depth  greater  than  that  at  which  the  atino 
sphere  will  support  a  column  of  it. 

The  lime  required  to  exhaust  a  3  mile  length  of  pipe, 
by  the  usual  air-pump,  is  4  minutes.  Allow  5  minutes 
fur  ihe  Irain  lo  pass,  and  the  4  minutes  needed  to  exhausi 
tlie  pipe  again,  would  give  9  minutes  as  the  least  possible 
interval  between  the  starling  of  trains,  since:  only  one 
Iram  at  a  lime  can  be  on  any  one  length  of  pipe.  The 
application  of  this  system  to  a  Broadway  railway,  as  has 
been  suggested  by  some  projectors,  would,  for  this  reason, 
be  wholly  impracticable. 

The  principal  advantages  claimed  for  the  Atmospheric 
llailroad  by  its  advocates  are  the  following: 

lis  cars  can  ascend  any  inclination  however  sleep; 
since  the  force  capable  of  being  applied  does  not  depend 
at  all  upon  the  adhesion  of  ihe  wheels  to  ihe  rails,  as  in 
llic  case  of  locomotives.  Al  a  certain  degree  of  steep- 
ness locomotive  engines  could  not  carry  up  themselves, 
much  less  a  load  ;  while  the  piston  of  an  Atmospheric 
I   Railroad  would  exert  equal  force  if  its  pipe  ^ 
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neers.  This  engine  was  tried  on  common  roads,  but  ii 
1804,  Trevilhick  applied  a  second  one  to  a  tram-road  ii 
South  Wales,  on  which  it  drew  ten  tons  of  iron  at  iht 
rate  of  5  miles  an  hour. 

Many  years  elapsed  before  any  considerable  improve 
nients  were  made,  owing   in  a  great  degree   to  uselesg 
efforts  to  overcome  a  difficulty  which  never  had  any  real 
existence.     When  steam  is  applied  to  propel   a  wheel 
carriage,  each  piston-rod,  to  which  the  steam  gives  a  back- 
ward and  forward  motion,  is  attached  to  a  pin  on  one  of 
ihe  wheels,   called  the  driving-wheel,  and  turns  it  by  a 
crank,  as  a  man  turns  a  grindstone.     If  there  was  no 
friction  between  the  wheel  and  the  road,  the  wheel  would 
turn  around,  while  the  carriage  would  remain  stationary 
But  the  friction,  which  does  exist,  prevents  the  wheel 
from  slipping,  and  it  is  enabled  to  turn  only  by  propelling 
ihe  carriage  forward  over  a  distance  equal  to  the  circum 
ference  of  the  wheel  for  each  complete  revolution  of  it 
The  imaginary  difficulty  referred  to,  was  the  notion  thai 
the  adhesion  or  "  bite"  between  the  wheel  and  the  rail, 
was  so  slight  that  with  a  load,  and  particularly  on  an  as- 
cent, the  wheels  would  slip,  slide,  or  **  skid,"  either  com 
pletely  or  partially,  and  thus  fail  to  propel  the  engine. 

Great  ingenuity  was  expended  in  devising  remedies  for 
this  non-existent  evil.  Wheels  were  at  first  made  with 
knobs  and  claws  to  take  hold  of  the  ground  ;  in  1811  a 
toothed  rack  was  laid  along  the  road,  and  a  wheel  with 
teeth  was  attached  to  the  engine  and  fitted  into  the  rack  ; 

wheel  carriages.  In  1782,  Murdoch,  to  whom  Trevithick  was  a  pupil, 
made  a  model  of  a  steam-carriage  ;  and  in  1784  Watt  described  such  an 
application  in  his  patent.  In  1801,  Oliver  Evans  in  Philadelphia  moved  a 
bteam-drklging  machine  a  mile  and  a  half  on  wheels  turned  by  its  own 
engiiie. 
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and  in  1812  a  chain  was  stretched  between  the  extreme 
ends  of  the  road,  and  passed  around  a  grooved  wheel  fixed 
to  tlie  engine  and  turned  by  it.  But  the  most  singulai 
and  ingenious  contrivance  was  patented  in  1813  by  Mr. 
Wiiham  Brunton.  He  attached  to  the  back  of  his  engine 
two  legs,  or  propellers,  which,  being  alternately  moved  by 
the  engine,  pushed  it  before  them.  The  propellers  imita- 
ted the  legs  of  a  man,  or  the  fore  legs  of  a  horse,  as  showp 
m  the  figure. 

Fig.  143. 


The  legs  are  indicated  by  HKF,  and  H/[/l  H  repre- 
sents the  Hip-joint,  K  and  k  the  Knee-joints,  A  and  a  the 
Ankle-joints,  and  F  and/ the  Feel. 

We  will  first  examine  the  action  of  the  front  leg.  The 
knee,  K,  is  attached  to  the  end  of  the  j)iston-rod,  which 
the  steam  drives  backward  and  forward  in  the  horizontal 
cylinder  C.  When  the  piston  is  driven  outward,  it 
presses  the  leg,  KF,  against  the  ground,  and  thus  propels 
the  engine  forward  as  a  man  shoves  a  boat  ahead  by 
pressing  with  a  pole  against  the  bottom  of  a  river.  As 
the  engine  advances,  the  leg  straightens  the  point  11  is 


LOCOMOTIVE    ENGINES  319 

ccmed  forward  dnd  the  extreniitVi  M,  of  Uie  bent  lever, 
HM,  is  raised.  A  cord,  MS,  being  attached  to  S.  the 
shin  of  the  leg,  the  motion  of  the  lever  tightens  the  cord, 
and  finally  raises  the  foot  from  the  ground  and  prepares  it 
to  take  a  fresh  step  when  the  reversed  action  of  the  piston 
has  lowered  it  again. 

The  action  of  the  other  leg  is  precisely  similar,  but 
motion  is  communicated  to  it  from  the  first  one.  Just 
above  the  knee  of  the  front  leg,  at  N,  is  attached  a  rod, 
on  which  is  a  toothed  rack,  R,  Working  in  it  is  a  cog- 
wheel, which  enters  also  a  second  rack,  r,  below  it, 
which  is  connected  by  a  second  rod,  with  a  point,  n,  of  the 
other  leg.  When  the  piston  is  driven  out  and  pushes  the 
engine  from  the  knee,  the  rack,  R,  is  drawn  backwards 
and  turns  the  cog-wheel,  which  then  draws  the  lower  rack, 
r,  forwards,  and  operates  on  the  hind  leg,  precisely  as 
the  piston-rod  does  on  the  front  one,  and  thus  the  two  legs 
take  alternate  steps,  and  walk  on  with  the  engine. 

This  locomotive,  or  "  mechanical  traveller,"  as  it  was 
termed  by  its  inventor,  moved  on  a  railway  at  the  rate 
of  2^  miles  per  hour,  with  the  tractive  force  of  4 
horses. 

All  these  contrivances  were,  however,  rendered  useless 
by  the  discovery  in  1814,  by  actual  experiment,  that  the 
adhesion,  or  friction,  of  the  wheels  was  amply  sufficient 
for  propelling  the  engine,  even  with  a  heavy  load  attached 
lo  it,  and  up  a  considerable  ascent.  Even  if  the  adhesion 
were  less  than  it  is,  it  could  be  increased  to  an  almost  un- 
limited extent,  by  inducing  a  galvanic  action  between  the 
engine  and  the  rails.* 

The  first  really  successful  locomotive  was  constructed 


*  Leconnt)  p.  352. 
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The  directing  power  ia  vesled  in  "  Commissioners 
Highways,"  who  are  chosen  in  each  town  at  the  annual 
town  meeling,  and  have  "  ihe  care  and  superintendence 
of  the  highways  and  bridges  therein,"  Subordinate  ic 
them  are  "  Overseers,"  of  whom  are  chosen,  at  the  annual 
town- meeting,  as  many  as  there  are  road  districts  ii 
town.  The  commissioners  have  the  authority  to  direct 
the  overseers  as  to  the  grade  of  the  road,  how  it  should  be 
shaped  and  drained,  and  the  like.  They  may  also  lay  out 
new  roads.  The  principal  duties  of  the  overseers  are  to 
summon  the  persons  subject  to  perform  labor  on  the  roads, 
to  see  ihal  ihey  actually  work,  and  to  collect  fines  and 
commutation  money.  The  commissioners  are  to  estimate 
the  coat  of  improvements  necessary  on  the  roads  and 
bridges  of  the  town,  and  the  board  of  supervisors  are  to 
cause  the  amount  to  be  levied,  but  within  the  limit,  for  any 
one  year,  of  two  hundred  and  iifly  dollars.  But,  if  a  legal 
town  meeting  so  vote,  the  supervisors  may  levy  "  a  sum 
of  money,  in  addition  to  the  sum  now  allowed  by  law,  not 
esceeding  five  hundred  dollars  in  any  one  year." 

"  Every  person  owning  or  occupying  land  in  the  town 
m  which  he  or  she  resides,  and  every  male  inhabiianl 
above  the  age  of  twenty-one  years,  residing  in  the  town 
where  the  nsseasmenl  is  made,  shall  be  assessed  to  work 
on  the  public  highways  In  such  town."  The  lands  of  non- 
residents are  also  to  be  assessed.  The  whole  number  of 
days'  work  to  be  assessed  shall  be  at  least  three  times  tlie 
number  of  laxable  inhabitants  in  such  town  ;  and  may  be 
IS  many  as  the  commissioners  shall  think  proper. 

Persons  assessed  to  work  on  the  highways,  upon  re- 
ceiving twenty-four  hours'  notice  from  the  overseers,  must 
appear  either  in  person,  or  by  able-bodied  substitutes ;  of 
pay  a  sum  of  one  dollar  for  each  day's  neglect,  unless 
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•PRINCIPLES. 

The  power  of  an  engine  is  proportional  to  the  quantity 
of  steam  which  it  can  generate  in  a  given  time  ;  for  each 
revolution  of  the  wheels  corresponds  to  a  double  stroke 
of  each  piston,  and  consequently  to  four  cylinder-fulls  of 
steam.  It  is  therefore  necessary  to  expose  the  largest 
possible  surface  of  water  to  the  action  of  heat.  This 
is  most  effectually  attained  by  a  tubular  holier,  patented 
by  Mr.  Seguin  in  1828,  but  perfected  by  Mr.  Stephenson 
in  1 829.  Through  the  boiler,  which  occupies  the  principal 
mass  of  the  engine,  run  a  great  number  of  small  brass 
tubes,  and  through  them  the  jflame  and  heated  air  pass 
from  the  fire-box  to  the  chimney.  The  tubes  are  about 
6  feet  long,  2  inches  in  diameter,  and  from  90  to  120  in 
number.  They  have  been  made  300  in  number,  and  1  \ 
inches  in  diameter.*  By  this  contrivance,  and  by  sur- 
rounding the  fire-box  with  a  double  casing,  containing 
water,  all  the  heat  is  absorbed  by  the  water  before  it 
reaches  the  chimney. 

The  introduction  of  such  tubes  tripled  the  evaporating 
power  of  the  engine,  and  caused  a  saving  of  40  per  cent 
of  the  fuel.  But  the  abstraction  of  all  the  heat  from  the 
air,  destroyed  the  draught  of  the  chimney,  and  therefore 
li>e  activity  of  the  fire.  This  evil  seemed  insurmountable, 
in  spite  of  the  use  of  fanners,  till  George  Stephenson 
used  the  waste  steam,  which  passed  from  the  cylinder 
after  working  the  engine,  to  create  an  artificial  draught, 
by  discharging  it  into  the  chimney.  This  steam  blast 
has  been  termed  the  life-blood  of  the  locomotive  machine. 

To  economize  heat  still  farther,  the  cylinders  are  some- 

*  The  tubes  beiug  very  perishable,  the  Earl  of  Dundonald  and  others 
has  e  proposed  to  construct  boilers  with  the  water  in  the  tabee  to  be  heated, 
Instead  of  the  fire  in  the  tubes. 
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jppreiiiiceship,  liis  experience  I's  lost,  and  another  lakes  hi^ 
filace,  and  begins  in  his  turn  to  take  lessons  in  repairing 
roaJs  at  the  expense  of  their  condition.  In  Other  occu- 
pations, an  apprenticeship  of  some  years  is  lliought  ne 
cessary  before  a  person  is  considered  as  qualified  lo  prac 
rise  with  his  own  capital ;  while  a  road  overseer,  tlie 
[noment  that  he  is  chosen,  is  thought  lit  to  direct  a  work 
requiiing  much  science,  at  the  espense  of  the  lowrn's  cap* 
jlal  of  lime,  labor,  and  money. 

In  the  fourth  place,  the  fundamental  principle  of  tlie 
Road-tax  is  a  false  one.  Its  contemporary  custom  of  re- 
quiring renls  to  be  paid  in  kind,  has  long  since  been  found 
lo  be  leas  easy  and  equilable  than  money  renls.  Just  so 
is  work  paid  for  bj  the  piece  preferable  in  every  respect 
10  compulsory  labor  by  the  day.  Men  are  now  taken  from 
their  peculiar  occupations  in  which  they  are  skilful,  and 
traiisferred  lo  one  of  which  they  know  nothing,  A  good 
ploughman  does  not  think  himself  necessarily  competent 
to  forge  the  couller  of  his  plough,  or  to  put  together  iu 
woodwork.  He  knows  that  it  is  truer  economy  for  him  to 
pay  a  mechanic  for  his  services.  But  ihe  laws  assume 
him  to  be  a  skilful  road-maker — a  more  difficult  an  than 
plough-making— -and  compel  him  to  acl  as  one ;  though 
his  clumsiness  in  repairing  his  plough  would  injure  only 
himself,  while  his  road-blunders  are  injurious  to  the  whole 
community.  Skill  in  any  art  is  only  lo  be  acquired  by 
practical  and  successful  experience,  aided  by  the  instruc- 
tions of  ihose  who  already  possess  it.  An  artisan  cannot 
be  extemporized. 

Fifliily,  labor  by  the  day  is  always  less  profitable  than 
ihal  done  by  the  piece,  in  which  each  man's  skill  and  in* 
dualry  receive  proportionate  rewards.  Working  on  the 
toads  is  generally  made  a  half  holiday  by  those  who  w- 
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The  above  figure  is  a  longitudinal  section  through  a 
modern  locomotive  engine,  in  one  of  its  very  varied  forms. 
a  represents  the  fire-box ;  from  which  the  flames  and 
heated  air  pass,  through  the  tubes  b  b,  into  the  smoke-box 
at  the  other  end  of  the  engine.  The  water  of  the  boiler, 
(which  is  cased  with  wood  to  prevent  loss  of  heat  by  ra- 
diation) surrounds  the  fire-box  and  the  tubes,  and  the 
iiteam  generated  by  the  heat  thus  absorbed,  is  collected  in 
llie  steam  chamber  c.  Thence  it  passes,  through  d,  to  the 
cylinder  e,  and  being  admitted,  by  the  slide-valve,  alter- 
nately before  and  behind  the  piston,  it  gives  to  it  the  re- 
ciprocating motion,  which  the  crank  on  the  axle  of  the 
driving-wheel  converts  into  the  revolution  which  propels 
the  engine.  The  blast-pipe,/,  conveys  the  waste  steam 
from  the  cylinders  into  the  chimney,  to  increase  its 
draught,  g  g  are  safety-valves,  one  of  which  should  be 
locked  up,  so  as  to  be  out  of  the  control  of  the  engine- 
driver,  h  is  one  of  the  feed-pipes  which  conduct  the 
water  from  the  tender  to  the  boiler,   into  which  it   is 
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pumped  by  t>mall  force-pumps,  which  are  worked  by  the 
engine,  and  the  derangement  of  which  haa  produced  r^ 
rious  acrid  ents, 

SPEED   AND  POWIB. 

The  speed  of  an  engine  depends  on  the  rapidity  with 
wliich  its  boiler  can  generate  aleam.  One  cylinder  full 
of  »icHin  is  required  for  each  stroke  of  each  of  the  pis- 
ions.  Knell  double  stroke  corresponds  to  one  revolution 
iif  the  driving-wheels,  and  to  the  propulsion  of  tlie  engine 
through  a  space  equal  to  their  circumference.  Wheels 
seven  feet  in  diameter  pass  over  twenty-two  feet  in  each 
complete  revohiiion.  To  produce  a  speed  of  seventy-five 
miles  per  hour,  iliey  must  revolve  exactly  five  times  in  a 
second  ;  and  to  effect  tliis  number  of  revolutions  each 
piston  must  make  douhle  that  number  of  strokes  in  the 
same  time.  In  liiis  way  docs  this  ponderous  machine 
divide  time  ijiLo  tenths  of  secomis,  almost  as  precisely  as 
the  delicate  chronometer  of  the  astronomer. 

This  rapid  reciprocating  motion  of  the  pistons  is  very 
destructive  to  the  machinery,  and  is  too  great  to  attain  the 
maximum  effect  of  the  power  expended-  It  wowld  there- 
fore be  very  desirable  to  lessen  this  rapidity,  and  to  pro- 
vide some  means  of  multiplying  the  motion  of  the  pistons, 
(IS  by  chains  on  pulleys,  &c. 

High  velocities  are  also  very  expensive,  in  consequence 
of  the  rapidity  with  which  the  steam  must  be  generated, 
and  rammed,  as  it  were,  into  the  cyhnders.  The  same 
effect  might  be  produced  by  one  quarter  of  the  quantity 
of  steam,  if  time  were  given  it  to  act  expansively. 

The  power  of  an  engine  in  drawing  loads,  depends  on 
the  pressure  of  the  steam,  which  is  usually  between  80 
'nd  120  11)3.  to  the  square  inch      It  is  also  limited  by 
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the  adhesion  between  the  road  and  the  driving-wheels, 
which  is  proportional  to  the  weight  pressing  upon  the 
latter ;  so  that  instead  of  the  weight  of  the  engine  being 
an  obstacle,  it  is  one  of  the  principal  elements  of  power. 
The  average  adhesion  may  be  considered  to  be  ^th  the 
weight.  The  tractive  j)ower  of  an  engine  of  20  gross 
tons  weight,  with  16  tons  resting  on  the  driving-wheels, 
would,  on  this  assumption,  be  16  x  2240  -r  8  =  4480  lbs. 
If  the  friction  be  10  lbs.  to  the  ton,  its  gross  load,  exclu- 
sive of  its  own  weight,  would  be  4480 -r- 10=448  Ions. 
If  the  ratio  of  the  weight  of  the  freight  to  the  joint  weight 
of  the  car  and  freight  be  as  6  to  10,  the  quantity  of  freight 
which  such  an  engine  could  convey  on  a  level  would  be 
^  X  (448—10)  =  263  tons;  the  weight  of  the  tender, 
10  tons,  being  deducted  from  the  gross  load. 

The  diminution  of  this  power  on  inclinations  has  been 
noticed  on  page  276,  but  is  more  fully  shown  in  the  fol- 
lowing Table,  which  is  calculated  for  an  engine  of  20  tons 
all  resting  on  the  driving-wheels,  and  for  a  friction  of  SJ 
lbs.  to  the  ton. 


AioeDttin 
toei  per  mile. 

Tons  of  freight 
transported. 

Fractional  part 

of  the  full  load 

on  a  level. 

Number  of  engines 

necessary  to  tranB> 

port  the  full  load. 

Level. 
10 
20 
30 
40 
60 
60 
70 
80 

389 

254 

185 

145 

118 

98 

84 

71 

63 

1.000 
.653 
.476 
.372 
.304 
.252 
.215 
.180 
.160 

1 

li 

4 

4? 

5l 

4 

1 
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The  friclion  of  Ai  lbs.  to  the  ton,  with  which  the  pr& 
ceding  table  was  calculated,  was  found  (p.  265)  to  be  loo 
small.  The  following  table  has  been  calculated  by  taking 
the  friction  at  10  lbs.  per  ton,  (the  average  amount  for  a 
slow  freight  speed,)  the  other  data  remaining  unchanged. 
The  principles  of  the  calculation  are  found  on  pages  ZSi 
and  276-7.  Tlie  adhesion  is  taken  at  one-eighth  of  the 
weight  resting  on  the  driving  wheels.* 


1 

Atoentfin 
feet  pat  mile. 

Tons  of  freight 
transported. 

rraeUonal  part 

of  the  ftill  load 

ooaleTeL 

1 

Number  of  engines 
neceHeary  to  tnuis> 
port  the  full  load. 

Lerel. 

330 

1.000 

1 

10 

327 

.688 

li 

90 

170 

.515 

» 

30 

135 

.401 

Sft 

40 

111 

.333 

3 

50 

94 

.884 

3i 

60 

80 

.24S 

4 

70 

70 

.Sll 

41 

80 

61 

.185 

ft* 

The  above  table  shows  that,  with  its  data,  on  an  asceiii 

of  20  feet  per  mile,  two  engines  will  be  required  to  irans 

port  the  load  which  one  could  draw  on  a  level ;  that  three 

engines  would  be  required  on  an  ascent  of  40  feet  per 

uiile,  and  so  on. 

A  comparison  of  the  two  tables  also  shows  that  by  assuming 
a  small  amount  of  friction,  ascents  are  made  to  appear  much  more 
objectionable,  relatively,  than  if  a  larger  amount  of  friction  bad 
been  employed.  Thus,  on  an  ascent  of  50  feet  per  mile,  accord- 
ing to  the  former  table,  (calculated  with  the  insufficient,  though 
commonly  assumed  friction  of  8^  lbs.  to  the  ton,)  four  engines 
are  required  to  do  the  work  of  one  upon  a  level ;  but  the  latter  and 
more  correct  table  shows  that  only  three  and  a  half  are  needed. 

•  For  higher  speeds,  and  consequently  greater  resistances,  the  same 
ascents  would  be  found  to  be  relatively  much  less  injurious, as  has 
been  shown,  on  page  34,  with  reference  to  common  roads. 

*  The  greatest  adhesion  of  iron  upon  iron  is  about  one-sixth  of  the  instdi* 
ent  weight ;  but  in  wet  and  freezing  weather  becomes  almost  nothing.  It 
lessens  with  the  increase  of  the  slope  of  the  road,  nearly  as  the  sine  of  the  an 
gle  of  inclination.  It  would  evidently  ?e  nothing,  if  the  road  were  verticaL 
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All  tlie  expenses  of  working  the  road  for  any  given  lime 
are  usually  added  together,  and  divided  by  the  total  num- 
ber of  miles  run  in  that  lime  by  engines  drawing  trains. 
In  this  way  is  obtained  the  common  average  of  working 
expenses,  which  are  thus  measured  by  the  cost  of  running 
trains  per  mile.  But  this  principle  of  comparison  is  evi- 
dently faulty,  since  a  train  may  be  run  for  a  very  small 
cost  per  mile,  but  carry  few  passengers  and  little  freight ; 
and  thus  its  expenses,  though  small  absolutely,  may  be 
ruinously  great  relatively.  On  the  other  hand,  a  heavy 
train  may  cost  much  more  per  mile,  but  carry  so  great  an 
amount  of  freight  or  passengers,  as  to  be  run  very  cheap- 
ly, relatively  to  them.  Fifty  tons,  carried  for  75  cents 
per  mile,  would  cost  Ij  cents  per  ton,  while  a  hundred 
Ions  carried  for  even  81  per  mile,  would  cost  but  I  cent 
per  ton. 

The  cost  of  transport  per  mile  for  each  passenger  or  ton 
of  freight  carried,  is  therefore  a  preferable  standard,  with 
certriin  restrictions,  as  affording  a  means  of  direct  com- 
parison between  the  expenses  and  the  receipts,  which  are 
the  final  objects  of  all  the  operations.  But  this,  again,  does 
not  of  itself  show  the  comparative  economy  of  the  working 
of  different  roads,  for  a  road  may  be  worked  very  cheaply 
per  mile  run,  but,  having  little  business,  at  a  great  cost  per 
passenger  or  per  ton,  since  a  large  part  of  the  expenses 
are  the  same  for  one  passenger  or  for  a  hundred.  The  con 
verse  of  this  lakes  place  on  a  heavy  road,  worked  expen- 
sively per  mile,  but  cheaply  per  passenger  or  ton  of  freight 

Both  these  methods  of  comparison  ought,  therefore,  tc 
be  employed  in  conjunction. 
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L/pon  the  Eastern  Railroad  (Boston  to  Portsmouth,  54 
miles)  the  expenses  were  thus  classified  for  the  year  end- 
ing June  30,  1850:  1,037,000  passengers,  ana  71,000 
ions  of  freight  having  been  carried  :* 


Eastern  Railroad. 

Per  mile  run. 

Per  conL 

Machine  ahon. 

0.3 
12.5 
22.9 
9.9 
6.0 
8.3 
0.3 
2.3 

SO 
37 
16 
10 
13 

4 

Maintenance  of  way 

Locomotive  powur 

Train  exoenses. 

Office  expepsea •• 

Station   «lo 

Mail 

Ferry 

62.5 

100 

With  careful  management  in  every  department,  trains 
carrying  average  loads  of  from  100  to  150  tons  can  be 
moved,  on  ordinary,  grades,  at  a  cost  of  80  cents  per  mile. 
Such  economy  of  transport  depends  mainly,  however, 
upon  the  certainly  of  always  carrying  full  loads.  For  this 
reason  the  Baltimore  and  Ohio  Railroad  carried  coal,  by 
contract,  for  1^  cents  per  ton,  while  their  ordinary  traffic, 
giving  the  engines  only  half  a  load,  cost  them  over  2^  cents. 
The  Reading  Railroad  is  said  to  be  able  to  carry  coal  for 
6  mills  per  ton  per  mile,  because  fully  loaded  on  the  down 
trips. 

The  present  cost  of  transport  on  the  Erie  Canal  is  l//o 
cents  per  ton  per  mile,  of  which  the  State  receives  y^^  cent, 
or  nearly  one-half.  On  the  Enlarged  Canal,  the  cost  is 
estimated  at  7  mills,  3  of  these  being  toUs.f 


*  Beport  of  the  PreeideDt,  D.  A.  NeaL 

t  N.  T.  State  Eogiiieer'to  Report  on  Caoalo,  Feb.  7, 1851. 
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SAFETY   OF   TRAVELLING. 

The  comparative  safety  of  railroads  is  one  of  their 
most  valuable  attributes,  though  the  one  least  appreciated 
and  most  imperfectly  realized.  The  popular  impression 
is  generally  the  reverse  of  the  truth,  for  an  accident  to  a 
stage-coach  is  seldom  heard  of  beyond  the  immediate 
scene  of  its  occurrence,  while  any  railroad  disaster  is 
passed  from  paper  to  paper  over  the  whole  land. 

There  are  many  reasons  why  travelling  on  railroads 
should  be  safer  than  on  common  roads.  The  former  are 
level  instead  of  hilly,  and  smooth  instead  of  uneven ;  and 
all  miscellaneous  travel  is  excluded. 

The  cars  are  safer  than  coaches,  because  their  centres 
of  gravity  are  lower ;  their  axles  are  less  exposed  to  vio- 
lent shocks,  and  therefore  are  less  subject  to  break ;  and 
they  are  altogether  less  exposed  to  be  overturned. 

Locomotive  engines  are  safer  than  horses,  because  they 
are  not  liable  to  take  fright,  shy,  or  run  away ;  and  can 
be  stopped  at  once  by  a  brake,  tamed  down  by  opening  a 
valve,  and  backed  by  simply  moving  a  lever. 

The  statistics  of  railroads  fully  confirm  the  conclusions 
of  theory.  On  the  English  railroads,  according  to  the 
parliamentary  returns,  between  1840  and  1845,  both  in 
elusive,  more  than  120,000,000  of  passengers  were  car- 
ried, and  of  these  only  66  were  killed,  or  one  in  nearly 
two  millions ;  and  only  324  others  were  in  any  way  in- 
jured, or  one  in  nearly  four  hundred  thousand. 

On  the  Belgian  railroads,  6,609,215  persons  travelled 
between  1835  and  1839,  and  of  these  15  were  killed  and 
16  wounded.  But  of  these,  26  were  persons  employed 
on  the  railroads,  and  only  3  passengers  were  killed  and  2 
wounded.     In  1842,  of  2,716,755  passengers,  only  three 
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were  killed,  and  of  these  one  was  a  suicide,  and  the  other 
two  met  their  deaths  by  crossing  the  line. 

On  French  railroads,  212  miles  in  length,  of  1,889,718 
passengers  who  travelled  over  316.,945  miles,  in  the  first 
half  of  1843,  not  one  was  either  killed  or  wounded,  and 
only  three  servants  of  the  railroad  suffered. 

Comparing  with  this  the  travelling  by  horse-coaches  in 
the  same  region,  we  find  that  in  seven  years,  from  1834 
to  1840,  74  persons  were  killed,  and  2073  wounded  ! 

But  few  as  are  the  accidents  on  railways  they  are  still 
much  more  numerous  than  they  need  be.  They  may  be 
divided  into  those  which  arise  from  mismanagement  and 
negligence,  and  those  which  are  caused  by  inherent  faults 
in  the  construction  and  working  of  the  railroad. 

To  the  former  class  belong  accidents  from  collision. 
When  two  engines  and  trains  meet  each  other,  or  when 
one  overtakes  another,  the  destructive  consequences, 
which  so  often  ensue,  are  generally  due  to  the  careless 
ness  or  ignorance  of  the  conductors,  or  engine-drivers 
of  the  train  ;  and  are  finally  attributable  to  the  false  econ- 
omy of  employing  at  a  low  salary  incompetent  persons. 
The  danger  of  collision  would  also  be  much  lessened,  if 
trains  running  in  different  directions  were  confined  inva 
riably  to  one  line  of  rails. 

Many  accidents  have  arisen  from  a  slow  train  being 
overtaken  by  a  faster  one.  There  is  extreme  danger  in 
permitting  one  engine  to  follow  another,  except  at  very 
considerable  distances ;  and  a  mile  is  a  very  short  dis 
tance  when  measured  by  the  brief  time  in  which  a  loco- 
motive can  pass  over  it. 

The  practice  of  attaching  an  engine  behind  a  train  to 
assist  the  frort  one  in  the  ascent  of  a  steep  grade,  is  also 
fraught  with  danger ;  for  any  derangement  of  either  en- 
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gine  makes  it  the  anvil  on  which  the  other  one  falls  like  e 
trip-hamraer,  crushing  every  thing  between  them. 

The  excessive  speed  demanded  by  the  impatience  of 
the  travelling  public  diminishes  the  controlling  power,  and 
makes  the  consequences  of  any  negligence  or  malicious 
obstruction  proportionally  destructive. 

Wilful  disobedience  of  orders  on  the  part  of  engine 
drivers  and  conductors,  (as  to  time,  turning-out  places, 
waiting  for  other  trains,  &c.)  reckless  exposure  to  possi- 
bilities of  collision,  and  insane  confidence  in  good-luck, 
are  causes  of  the  majority  of  accidents ;  and  though  no 
faithful  superintendent  would  permit  such  men  to  have  a 
second  opportunity  for  similar  misconduct,  yet  the  disas 
trous  effects  of  even  the  first  faults  might  be  generally 
avoided  by  employing  only  men  of  undoubted  intelli- 
gence, experience,  sobriety,  and  self-control,  and  securing 
the  services  of  the  very  best  of  their  class  by  liberal  com 
pensations. 

The  second  division  of  accidents  included  those  caused 
by  inherent  faults  in  the  construction  and  working  of  the 
railroad.  These  may  be  in  a  great  degree  guarded 
against,  by  careful  and  continual  inspection  of  the  line  of  the 
road,  and  examination  of  all  parts  of  the  engines  and  cars. 

The  explosion  of  the  locomotive  boiler  is  often  injuri 
ous,  if  not  fatal,  to  the  engine-men,  and  by  its  stoppage 
of  the  train  may  cause  a  collision  with  a  following  one. 

The  settling  of  an  embankment  may  cause  a  depres- 
sion of  one  side  of  the  road,  which  will  compel  the  en 
gine  to  run  ofi*.  The  looseness  of  a  rail,  its  breakage, 
(when  supported  only  at  intervals)  the  misplacing  of  a 
switch,  &c.,  may  produce  a  similar  result.  The  destruc- 
tive consequences  would  be  much  lessened,  if  means  were 
provided  for  instantly  detaching  the  train  from  the  enginet 
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or  .f  they  were  so  coupled  that  they  would  be  sepaiated 
by  any  lateral  strain. 

The  breakage  of  the  axles  of  the  engine  or  carriages 
has  caused  many  accidents  ;  but  this  danger  is  greatly 
lessened  by  the  eight  wheels  of  the  American  car^*  and 
by  the  appendages  of  "  Safety-beams." 

The  sparks  from  the  locomotive  chimney  frequently 
communicate  fire  to  the  train,  and  have  thus,  in  one  in- 
stance, caused  great  loss  of  life,  increased  by  the  impos- 
sibility of  communicating  the  intelligence  to  the  eng^inf* 
drJVer  in  time  to  arrest  the  disaster. 

SIGNALS. 

Many  of  the  accidents  which  occur  with  the  locomotive 
system  might  be  prevented  by  a  uniform,  simple,  and 
complete  plan  of  signals.  Red  flags  and  hghts  for  im 
minent  danger;  green  for  caution  ;  and  white  for  safely, 
are  leading  features  in  all  the  systen^s.  The  signals  are 
iTiade  by  the  policemen,  who  are,  or  should  be,  stationed 
along  the  line,  to  see  that  the  rails  are  clear,  to  communi- 
cate intelligence,  to  work  the  signals,  &c. 

The  Danger  signal  is  a  red  flag  by  day,  or  red  glass 
lamp  by  night,  waved  backwards  and  forwards.  The  en- 
gine should  be  stopped  the  moment  this  signal  is  seen. 
Any  signal,  violently  waved,  should  also  cause  an  imme- 
diate stoppage. 

The  Caution  signal  is  a  green  flag,  or  light,  and  should 
be  obeyed  by  slackening  the  speed  of  the  engine.     When 


*  In  this  respect  we  are  far  in  advance  of  European  Railroads,  and  a 
writer  In  the  Westminster  Review  lately  suggested,  as  an  improvement 
of  the  highest  Importance,  a  peculiar  style  of  car,  which  was  almost  pre- 
cisely Identical  with  those  which  have  been  for  many  years  in  general 
nte  on  American  Railroads. 
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the  green  flag  is  held  so  as  to  point  upwards,  it  indicates 
that  another  engine  is  less  than  five  minutes  in  ad?ance 
of  the  one  to  which  the  signal  is  made.  When  held 
pointing  downwards,  it  enjoins  a  slow  rate  of  speed  as 
a  precaution  against  defects  in  the  rails  at  that  place. 

The  Safety,  or  "  All-right"  signal,  is  a  white  lamp  ai 
night,  and  by  day  the  upright  position  of  the  policeman 
with  his  flags  furled. 

These  signals  are  made  by  the  policemen,  either  with 
hand  flags  and  lamps,  or  by  arms  which  are  moveable  on 
signal  posts,  and  worked  by  cords. 

In  the  absence  of  these  conveniences  the  policeman 
makes  the  signal  "  All  right,"  by  extending  his  arm  hori 
zontally ;  the  Caution  signal  by  holding  one  arm  straight 
up ;  and  the  Danger  signal  by  holding  both  arms 
straight  up,  or  by  waving  violently  a  hat,  or  any  other 
object. 

The  Danger  signal  is  always  to  be  made  immediately 
after  any  engine  or  carriage  has  passed  along  the  line| 
and  is  to  be  continued  for  five  minutes ;  it  is  also  to  be 
made  whenever  there  is  any  obstruction  on  the  line,  or 
any  danger  of  it. 

The  Caution  signal  is  always  to  follow  the  Dangei 
signal,  and  to  be  continued  for  five  minutes  ;  it  is  also  to  be 
made  wherever  there  is  any  reason  for  slackening  the 
speed. 

The  All-right  signal  is  to  be  made  only  when  the  signal- 
man has  satisfied  himself  that  the  line  is  clear,  unob- 
structed, and  free  from  any  suspicion  of  danger.  Every 
signal-man  should  immediately  report  to  his  nearest 
superior  officer  any  instance  of  disobedience  to  the  signals 
which  he  had  made. 

In  foggy  weather  both  day  and  night  signals  are  given ; 
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and  in  addition,  when  any  emergency  reqoires  the  imme" 
diate  and  certain  stoppage  of  any  train,  a  detonating  com- 
pound, packed  in  a  small  box,  is  fastened  to  the  rail  with 
slips  of  lead,  and  explodes  with  a  tremendous  noise  when  a 
wheel  passes  over  it,  giving  an  unmistakeable  signal  for 
instant  stoppage. 

White  and  red  lights  on  the  front  and  back  of  a  train 
at  night  should  be  so  arranged  and  combined  as  to  indi- 
cate the  direction,  speed,  &c.  of  the  train.  But  all  these 
precautions  are  finally  dependent  for  their  complete  suc- 
cess upon  the  character  of  the  persons  in  the  employ  of 

the  company. 

28 
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4i  ATM08FHEBI0  FBESSURB. 

The  pressure  of  the  atmosphere  is  usually  assumed  to 
be  15  lbs.  on  every  square  inch  of  surface,  and  though 
the  equality  of  this  pressure  in  all  dii;ections  renders  it 
generally  insensible,  it  becomes  very  apparent  to  the 
senses  when  the  hand  is  held  on  one  end  of  a  cylinder 
from  the  interior  of  which  the  air  is  drawn  out  by  an 
air-pump.  It  is  this  pressure  which  is  the  motive  power 
of  the  Atmospheric  Railway. 

The  first  idea  of  such  a  construction  seems  to  haYe 
originated  in  1805,  in  which  year  an  Englishman,  named 
Taylor,  proposed  to  employ  atmospheric  pressure  foi 
trending  letters  and  parcels  from  town  to  town.  Hif 
plan  was  to  lay  a  long  tube,  like  a  gas  or  water  pipe,  be- 
tween the  places,  and  to  fit  into  it  an  air-light  piston.  If 
the  air  was  pumped  out  from  one  end  of  such  a  tube,  the 
pressure  of  the  atmosphere  would  force  forward  the  pis- 
ion,  and  any  thing  attached  to  it. 

In  1810,  Medhurst  proposed  to  make  a  tube,  archway, 
or  tunnel,  large  enough  to  contain  carriages  with  passen- 
gers, to  be  propelled  in  a  similar  manner.  But  this  scheme 
was  never  put  into  practice,  for  travellers  did  not  relish 
the  idea  of  being  shot  through  a  tube,  like  pellets  in  a 
popgun. 

The  problem  was  now  to  devise  some  means  of  com 
municaling  the  motion  of  a  piston,  blown  through  an  air- 
tight tube,  to  a  carriage  on  the  outside  of  this  tube. 

Medhurst,  in  1 827,  proposed  to  make  the  desired  com 
municalion  and  application  of  power,  through  a  channel, 
or  groove,  on  the  top  of  the  tube,  filled  with  water  to 
make  it  air-tight.     He  also  suggested  the  use  of  a  square 
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or  .f  they  were  so  coupled  that  they  would  be  sepaiated 
by  any  lateral  strain. 

Tlie  breakage  of  the  axles  of  the  engine  or  carriages 
has  caused  many  accidents  ;  but  this  danger  is  greatly 
lessened  by  the  eight  wheels  of  the  American  car^*  and 
by  the  appendages  of  "  Safety-beams." 

The  sparks  from  the  locomotive  chimney  frequently 
communicate  fire  to  the  train,  and  have  thus,  in  one  in- 
stance, caused  great  loss  of  hfe,  increased  by  the  impos- 
sibihty  of  communicating  the  intelligence  to  the  enfijin*» 
drJVer  in  time  to  arrest  the  disaster. 

SIGNALS. 

Many  of  the  accidents  which  occur  with  the  locomotive 
system  might  be  prevented  by  a  uniform,  simple,  and 
complete  plan  of  signals.  Red  flags  and  lights  for  im 
minent  danger ;  green  for  caution  ;  and  white  for  safety, 
are  leading  features  in  all  the  systen^s.  The  signals  are 
itiade  by  the  policemen,  who  are,  or  should  be,  stationed 
along  the  line,  to  see  that  the  rails  are  clear,  to  communi- 
cate intelligence,  to  work  the  signals,  &c. 

The  Danger  signal  is  a  red  flag  by  day,  or  red  glass 
lamp  by  night,  waved  backwards  and  forwards.  The  en- 
gine should  be  stopped  the  moment  this  signal  is  seen. 
Any  signal,  violently  waved,  should  also  cause  an  imme- 
diate stoppage. 

The  Caution  signal  is  a  green  flag,  or  light,  and  should 
be  obeyed  by  slackening  the  speed  of  the  engine.     When 


*  In  this  respect  we  are  far  in  advance  of  European  Railroads,  and  a 
writer  in  the  Westminster  Review  lately  suggested,  as  an  improvement 
of  the  highest  importance,  a  peculiar  style  of  car,  which  was  almost  pre- 
cisely identical  with  those  which  have  been  for  many  years  in  general 
me  on  American  Railroads. 
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Strip  of  leather,  one  edge  of  which  is  fastened  to  one  sUe 
of  the  slit,  so  that  the  rest  of  it  can  rise  and  fall,  and  thu)) 
alternately  open  and  close  the  slit.  In  the  figure  it  is 
represented  as  open.  To  strengthen  it,  plates  of  iron, 
each  eight  inches  long,  are  attached  to  its  upper  and  ander 
sides.  The  under  ones  are  just  wide  enough  to  fit  into 
the  slit ;  the  upper  ones  are  a  little  wider,  to  prevent  the 
valve  from  being  pressed  into  the  pipe.  On  each  side  of 
the  slit  is  a  rib,  or  projection,  cast  with  the  pipe,  and 
forming  a  sort  of  trough,  at  the  bottom  of  which  the  valve 
lies  when  shut.  This  trough  is  filled  with  a  mixture  of 
tallow  and  bees-wax,  which,  after  being  melted  and  cool- 
ed, adheres  to  the  edge  of  the  valve  and  makes  it  perfectly 
air-tight. 

Fig.  145. 


Fig.  145  is  a  longitudinal  section  of  the  pipe,  piston, 
and  leading  carriage.  The  same  letters  of  reference  are 
employed  as  in  Fig.  144. 

A  steam  engine,  at  the  end  of  a  length  of  3  miles  of  the 
pipe,  works  an  air-pump,  which  draws  out  a  portion  of 
the  air  from  the  pipe,  A  A.  The  air  behind  the  piston, 
(shown  at  C)  being  no  longer  balanced  by  the  air  b^ore 
die  piston,  presses  it  forward.     The  small  wheels,  ££E 
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behind  the  piston,  raise  the  edge  of  the  valve  in  order  to 
make  way  for  the  connecting  arm,  D,  which  draws  the 
carriage  (of  which  HHH  are  the  axles)  onward  with  the 
piston.  The  small  wheels,  FFF,  behind  the  arm,  lift 
up  the  valve  to  admit  the  air  more  freely  to  press  on  the 
back  of  the  piston.  The  piston  and  carriage  thus  pro- 
ceed as  long  as  there  is  a  greater  pressure  of  air  behind 
than  before  them. 

To  re-seal  the  valve,  after  the  piston  has  passed,  in 
readiness  for  being  again  exhausted,  the  second  carriage 
of  the  train  carries  under  it  a  small  steel  wheel  which 
presses  down  the  valve,  and  which  is  followed  by  a  heater, 
or  copper  tube,  five  feet  long,  and  filled  with  burning 
charcoal,  which  melts  the  composition  in  the  trough  and 
solders  down  the  edge  of  the  valve. 

To  stop  the  train  the  brake  may  be  applied ;  or  the 
lever,  shown  at  G  in  Figs.  144  and  145,-  may  open  a 
valve  in  the  piston,  and  admit  air  in  front  of  it  to  destroy 
the  vacuum,  and  consequently  the  propeUing  power. 

When  the  carriage  has  reached  the  end  of  one  length 
of  3  miles,  it  passes  into  the  next  length  of  pipe  by  an 
entrance,  or  equilibritim  valve,  ingeniously  contrived  to 
permit  the  change  without  affecting  the  vacuum. 

The  power  of  this  system  depends  upon  the  size  of  the 
pipe,  and  the  perfection  of  the  vacuum  in  front  of  the  pis- 
ton. If  the  pipe  be  18  inches  in  diameter,  the  area  of  the 
piston  will  be  254  square  inches,  and  if  a  perfect  vacuum 
could  be  attained,  the  pressure  of  the  atmosphere  upon 
this  surface  would  be  254  x  15  =  3810  lbs.  Calling  the 
friction  10  lbs.  to  the  ton,  this  power  would  be  suflicient 
to  move  381  tons.  In  practice,  however,  the  vacuum  is 
eeldom  reduced  below  8  lbs.  to  the  square  inch,  or  half 
an  atmosphere,  there  being  an  unavoidable  leakage. 
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Wlicn  i>ic  cruss-sec lions  have  been  laben  at  uniform  diBiant-ct 
Bparl,  [-a  la  usua.!  in  the  final  locatlua  of  a  Road  or  Rnilroari,  odo 
huiiiired  feet  beiilg  Ihe  cuBtamarj  interval)  tlie  calculalioii  of  the 
ouliical  ounlenlB  of  the  Buccessive  prismoiiis  may  be  reduced  m  i 
single  operation  fur  the  whole  series,  and  therefore  much  shor:- 
cncfl,  by  the  use  of  the  symmetrical  formula  which  will  bt  nov 
investigated,  and  presented  in  tbe  foim  of  a  Rule. 

Through  Ihe  firat  prismoidal  rnass  of  ea^rih,  conceive  two  rem 
cal  planes  to  pass  lengthwise,  culling  it  in  the  Maea  in  which  th« 
side-slopes  taeei  the  baas  of  the  road,  (which  is  Ihe  hoiiora  ofM 
cKcavatioii,  or  the  lop  of  an  embank m en i)  as  ihe  lines  CG  and 
UII,  of  Fig.  US.  Theae  planes  divide  the  prismoid  into  a  can- 
IriLl  prism,  and  two  pyramids  or  frusta.  The  content  of  the  eniiw 
prisnmid  is  expressed,  according  to  furmnla  (G],  page  358,  bjr 


[2<te+«-+3»(S  +  «)-2.«*)xi    .   .   .    . 

.  IG] 

B  ini;  be  ieaoiapjuei  into  these  two  portions  : 

[3i(ir+S)lxi  =  |fa+'.) 

.  [Kl 

la.(,  +  ir-2.fiJxi-=-J[(j  +  i)'-^»l  . 

.  .ILl 

Formula  [K]  expresses  the  canient  of  the  central  prism,  and  tbi' 
mula  (L]  that  of  the  two  pyramids  or  frusta.     Denoting  the 
depths  (without  regarding  which  is  the  greater)  by  h  and  K,  (ibt 
former  representing  the  depth  at  the  starting  point,  and  iJm  bll 
that  at  Ihe  farther  cnil)  the  furmulc  become 
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vertical,  though  of    course  with   much  less    profitable 
effect. 

The  engine  and  tender  being  dispensed  with,  the  force 
which  would  have  been  expended  in  moving  their  weight 
of  20  or  30  tons,  is  so  much  clear  saving. 

The  rails  may  be  made  much  lighter  and  will  last  much 
longer,  where  they  have  not  to  sustain  the  shocks  of  the 
locomotive,  which  is  the  most  powerful  agent  in  their  de 
slruction. 

High  speed  with  locomotives  involves  great  waste  of 
power,  in  consequence  of  the  disadvantageous  velocity 
with  which  the  pistons  must  move.  It  is  not  so  with  th«» 
atmospheric  system. 

But  greater  safety  is  one  of  the  most  important  recom 
mendations  of  this  system  ;  for  the  cars  cannot  run  off 
the  track,  being  securely  attached  to  the  pipe;  nor  can 
they  ever  come  into  collision  with  each  other,  for  no  two 
trains  can  be  on  the  same  length  of  pipe  at  once. 

On  the  other  hand,  if  any  obstacle  be  on  the  track, 
there  is  less  power  of  stopping  them,  and  none  at  all  of 
reversing  their  motions ;  and  the  great  objection  to  the 
stationary  engine  system — that  the  failure  of  one  link  de- 
ranges the  whole  chain — applies  to  this  plan  also. 

But  the  comparative  economy  of  the  Atmospheric  and 
Locomotive  systems  is  the  principal  element  in  deter- 
mining their  relative  merits.  Much  greater  cheapness  of 
working  is  claimed,  by  its  partisans,  for  the  atmospheric 
system,  but  this  is  strenuously  denied  by  other  engineers, 
and  the  testimony  is  so  conflicting  and  varying,  in  conse- 
quence of  the  insufficiency  of  the  data,  that  no  satisfac- 
tory conclusion  can  be  arrived  at.  The  balance  of  argu- 
ment seems,  however,  to  be  against  the  profitable  employ- 
ment of  the  system  in  ordinary  cases.    Under  some  pecu- 
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RULE. 


Tc  find  l)ie  cubital  cmileiil  of  the  pyramidi  orfrusla.  square  the 
sum  of  Ihs  first  and  second  deplhs,  Ilie  secnnd  and  lliird.  the  lliird 
and  Tu.irLli,  and  eo  nn,  and  add  these  squares  together.  Multiply 
llie  first  depth  by  the  aecond,  the  second  by  the  third,  ai 
and  udd  the  products  tDgelher.  Subtract  ihe  sum  of  the  producU 
ftom  Ihe  sum  of  llie  squares.  Multiply  the  diflerence  by  the  teiiglb 
in  feet  of  one  of  the  equal  distances,  and  that  product  by  the  ratio. 
of  the  side-elopes  to  unity.  Divide  the  last  product  by  three, 
the  quotient  will  be  the  content  in  cubic  feet. 

The  sum  of  the  two  conienis,  thus  obtained  by  forniiila  [O] 
[P],  or  by  the  Itules  derived  from  ti.em,  will  be  the  toUl  con 
required. 

In  the  rollowinp  example,  the  width  of  base  is  30  feel,  the  sida- 
slopes  9  to   1,  and  ihe  equal  dlsiancea,  at  which  the  levels  i 
taken,  are  each  100  feel.    Therefore  i  —  30,  *  =  2,  ( =  100, 
h,  h',  h"  —  the  successive  niimbets  in  the  third  column  of  Ihe  li 
III  snbetiiuting  the  values  of  the  quantities  in  the  formula  thejwil. 
iently  written  under  each  othor. 


StUion. 

Dinance. 

Oepltu 

1 

0  =  * 

s 

100 

3.  =  A' 

3 

100 

i.  =  h" 

4 

too 

3.  =  A"' 

6 

100 

5.=  A' 

6 

100 

l.=A' 

7 

100 

4.  =  H 

The  content  of  the  central  prism,  by  formula  [0],  = 


1+  5 
+  1 
+  _3 

L      17 


C  100  X  IT  .  =  51000    cubic  tart. 
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CHAPTER  VI 

THE    MANAGEMENT   OF    TOWN    ROADS. 

**  The  mouey  Ievi«d  is  more  than  double  of  what  is  necessary  for  exei^ 
cnting  in  the  completest  manner  the  work,  which  is  often  executed  in  a 
very  slovenly  manner,  and  sometimes  not  executed  at  all." 

Adam  SiunL 

A  WISE  and  well-regulated  system  of  managing  the  re- 
pairs of  roads,  and  o^  obtaining  the  greatest  degree  of 
improvement  with  the  least  amount  of  labor,  is  as  impor- 
tant  as  their  judicious  construction.  The  **  Road-tax'^ 
system,  of  personal  service  and  commutation,  thougii 
nearly  universal  among  us,  is  unsound  in  its  principle, 
unjust  in  its  operation,  wasteful  in  its  practice,  and  unsat- 
isfactory in  its  results.  Borrowed  from  the  ''  statute-la- 
bor** of  England,  and  the  "  Corvee'*  or  "  Prestation  en 
nature**  of  France,  like  them  it  is  a  remnant  of  the  times 
of  feudal  vassalage,  when  one  of  the  tenures  by  which 
land  was  held  was  the  obligation  to  make  the  roads  passa- 
ble for  the  troops  of  the  lord  of  the  manor.  The  evil 
consequences  of  the  system  will  be  examined,  when  we 
have  briefly  explained  its  organization  in  the  state  of  New 
York,  where  it  lias  been  rendered  as  perfect  as  its  nature 
permits.* 


*  A  convenient  edition  of  Jbe  vevised  road  act,  with  commentarieR,  &p  • 
trafi  pRbiisIied  at  Rochester  in  1845 
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points  in  which  tlie  side-slopes,  of  the  cuttings  or  Gllinas  of  the 
road,  would,  intersect  IJie  surface  of  the  ground. 

1.  When  the  suriltce  of  the  ground  uaii  the  same  slope  at  ea 
end  of  the  masa  tj  he  calculated. 

On  Buch  ground  if  the  centre  level,  t',  «.,  the  height  or  depth 
Qie  centre  line  of  tlie  road,  be  used  10  calculate  the  arcta  of  tlie 
cross-section,  as  if  the  ground  were  level  transversely,  the  are» 
thus  obtained  will  always  be  too  tmall;  the  differeace  iKiiiig  equal 
to  the  triangle  DQR,  m  Fig.  149. 


This  must  be  guarded  against  in  calculating  the  content  &om  k 
preliminary  survey,  in  which,  usually,  only  one  Blngle  lercl  It- 
taken  along  the  centre  line  at  each  station. 

If  the  uverage  of  tliu  extreme  helghiG  is  tfiken  and  used 
the  area,  as  if  that  were  tlie  height  of  &  level,  Itorizuntal,  iransTerw 
Bection,  the  result  ia  always  lea  great. 

There  will  then  be  souie  height,  which  used  as  the  height  of  »■ 
section  level  transversely,  will  produce  Ihc  true  aren.  This  ia 
called  the  equinaUnt  mean  height.  One  method  for 
the  true  area  is  the  following: 

Fig.  ISO. 


n  ABCD  ^  (EC  X  iDF)  +  {BF  *  1AE>, 
3.  When  [he  traiisverw  slope  of  the  ground  is  not  ibe  sanir  rt 
uuh  end  of  IJic  mass. 
In  tills  case  tl^e  surface  of  the  ground  is  warped  or  t<ew(M 
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they  shall  have  previously  commuted  at  the  rate  of  sixty- 
two  and  a  half  cents  per  day      A  team,  cart,  wagon,  oi 
plough,  with  a  pair  of  horses  or  oxen,  and  a  man  to  man 
age  them,  satisfies  an  assessment  of  three  days. 

Such  are  the  principal  features  of  the  present  system. 
They  are  all  lefective  in  a  greater  or  less  degree. 

In  the  first  place,  the  condition  of  the  roads,  which  is 
so- important  an  element  of  the  wealth  and  comfort  of  the 
whole  community,  should  not  be  allowed  to  remain  at  the 
mercy  of  the  indolence,  or  false  economy,  of  the  various 
small  townships  through  which  the  roads  pass.  In  one 
town,  its  public  spirit,  wealth,  and  pride,  may  induce  it  to 
make  a  good  road  ;  in  the  adjoining  town,  a  short-sighted 
policy,  looking  only  to  private  interest  in  its  narrowest 
sense,  may  have  led  the  inhabitants  to  work  upon  the  roads 
barely  enough  to  put  them  into  such  a  condition  as  will 
allow  a  wagon  to  be  slowly  drawn  over  them. 

In  the  next  place,  the  **  commissioners"  who  have  the 
primitive  direction  of  the  improvements  and  repairs, 
should  be  liberally  compensated  for  the  time  and  atten- 
tion which  they  give  to  the  work.  Gratuitous  services 
are  seldooi  eflicient ;  at  best  they  are  temporary  and  local, 
and  dependent  on  the  whims,  continued  residence,  and 
life  of  the  party ;  and  if  the  compensation  be  insufficient, 
the  same  evils  exist  though  in  a  less  degree.  Skill,  labor, 
and  time  cannot  be  obtained  and  secured  without  being 
adequately  paid  for. 

The  third  defect  in  the  system  is  the  annual  election 
of  the  commissioners  and  overseers.  When  men  of 
suitable  ability,  knowledge,  and  experience  have  been 
once  obtained,  they  should  be  permanently  continued  in 
office.  On  the  present  system  of  annual  rotation,  as  soon 
as  the   overseer   has    learned  something   in  his  year's 
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apprenticeship,  hia  experience  is  lost,  and  another  takes  Im 
place,  and  begins  in  his  turn  to  take  lessons  in  repairing 
roads  at  tlie  expense  of  their  condition.  In  other  occu* 
pations,  an  apprenticeship  of  some  years  is  thought  ne 
ccssary  before  a  person  is  considered  as  qualified  to  prac 
tise  with  his  own  capital ;  while  a  road  overseer,  the 
moment  that  he  is  chosen,  is  thought  fit  to  direct  a  work 
requiring  much  science,  at  the  expense  of  the  town's  cap 
ital  of  time,  labor,  and  money. 

In  the  fourth  place,  the  fundamental  principle  of  the 
Road-tax  is  a  false  one.  Its  contemporary  custom  of  re- 
quiring rents  to  be  paid  in  kind,  has  long  since  been  found 
to  be  less  easy  and  equitable  than  money  rents.  Just  so 
is  work  paid  for  by  the  piece  preferable  in  every  respect 
to  compulsory  labor  by  the  day.  Men  are  how  taken  from 
their  peculiar  occupations  in  which  they  are  skilful,  and 
transferred  to  one  of  which  they  know  nothing.  A  good 
ploughman  does  not  think  himself  necessarily  competent 
to  forge  the  coulter  of  his  plough,  or  to  put  together  its 
woodwork.  He  knows  that  it  is  truer  economy  for  him  to 
pay  a  mechanic  for  his  services.  But  the  laws  assume 
him  to  be  a  skilful  road-maker — a  more  difficult  art  than 
plough-making — and  compel  him  to  act  as  one ;  though 
his  clumsiness  in  repairing  his  plough  would  injure  only 
himself,  while  his  road-blunders  are  injurious  to  the  whole 
community.  Skill  in  any  art  is  only  to  be  acquired  by 
praclical  and  successful  experience,  aided  by  the  instruc- 
tions of  those  who  already  possess  it.  An  artisan  cannot 
be  extemporized. 

Fifthly,  labor  by  the  day  is  always  less  profitable  than 
that  done  by  the  piece,  in  which  each  man's  skill  and  in- 
dustry receive  proportionate  rewards.  Working  on  the 
roads  is  generally  made  a  half  holiday  by  those  who  as- 
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ficmblc  at  ihi^  suinmcns  of  the  overseer.  Few  of  the  men 
or  horses  do  half  a  day's  work,  the  remainder  of  their 
time  being  lost  in  idleness,  and  perhaps  half  of  even  the 
actual  working  time  being  wasted  by  its  misdirection. 

Lastly,  it  follows  from  the  preceding,  that  the  commu 
iation  system  operates  very  unfairly  and  severely  upon 
those  who  commute ;  for  they  pay  the  price  of  a  full 
day^s  work,  and  their  tax  is  therefore  doubled. 

Such  are  the  principal  defects  of  the  present  system 
of  managing  the  labor  expended  on  town  roads.  But  it  is 
mucii  easier  to  discover  and  to  expose,  than  to  remove  them. 
In  the  following  plan  the  writer  has  endeavored  to  com- 
bine the  most  valuable  features  of  the  various  European 
systems,  and  to  adapt  them  to  our  peculiar  institutions. 

In  each  State,  a  genered  legislative  :xt  should  establish 
all.  the  details  of  construction,  and  determine  definileiy 
"  What  a  road  ought  to  be,"  in  accordance  with  the  theory 
and  practice  of  the  best  engineers.  Surveys  should  be 
made  of  all  the  leading  roads,  and  plans  and  profiles  of 
them  prepared,  so  that  it  might  be  at  once  seen  in  what 
way  their  lines  could  be  most  efficiently  and  cheaply  im- 
proved. 

The  personal  labor  and  commutation  system  should  be 
entirely  abolished.  If  the  town-meeting  would  vole  a  tax 
in  money  of  half  the  amount  now  levied  in  days'  work,  its 
expenditure  under  the  supervision  to  be  presently  de- 
scribed, would  produce  a  result  superior  to  the  present 
one.  When  the  road  is  a  great  tlioroughfare,  extending 
far  beyond  the  town,  it  would  be  unjust  to  levy  upon  it  all 
the  expense ;  and  a  county  tax,  or,  in  extreme  cases,  a 
state  appropriation,  should  supply  what  might  be  necessary. 

In  regulatmg  the  expenditure  of  the  money  raised,  the 
(uadamental  principle,  dictated  bv  the  truest  and  most 
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tar-mghted  economy,  should  be  to  sacrifice  a  partim  cj 
*ke  resources  of  the  road  to  ensure  the  good  employmen, 
of  tht  remainder.    The  justice  of  this  principle  needs  do 
argument ;  its  best  mode  of  application  is  the  only  diffi 
culty.     The  first  step  should  be  to  place  the  repairs  of 
the  roads  under  the  charge  of  a  professional  Road-maker 
of  science  and  experience      On  his  skill  will  depend  the 
condition  of  the  roads,  more  than  on  local  circumstances 
or  expenditures.     His  qualifications  should  be  tested  by 
a  competent  board  of  examiners,  if  he  should  not  have  re- 
ceived  special  instructions  in  the  requisite  knowledge, 
such  as  might  well  form  a  peculiar  department  of  educa- 
tion in  our  Colleges  and  Normal  schools.     As  each  town 
by  itself  could  not  afford  to  employ  a  competent  person, 
a  number  of  them  (more  or  less  according^ to  their  wealth 
and  the  importance  of  the  roads  within  their  bounds) 
should  unite  in  an  association  for  that  purpose. 

The  engineer  thus  appointed  should  choose,  in  each 
township,  an  active,  industrious  man,  of  ordinary  educa- 
tion, to  act  as  his  deputy  in  making  the  expenditures  in 
that  town,  and  as  foreman  of  the  laborers  employed  during 
the  season  of  active  labor  on  the  roads.  This  deputy 
might  be  busily  and  profitably  employed  during  the  en- 
tire remainder  of  the  year,  in  constantly  passing  over  in 
due  rotation  the  whole  line  of  road  under  his  care,  and 
making,  himself,  the  slight  repairs  which  the  continual 
wear  and  tear  of  the  traffic  would  render  necessary.  If 
taken  in  time,  he  himself  could  perform  them  ;  but  if  left 
unattended  to,  as  is  ttsual,  till  the  season  of  general  re- 
pairs, the  deterioration  would  increase  in  a  geometrical 
ratio,  and  perhaps  cause  an  accident  to  a  traveller,  which 
would  subject  the  town  to  damages  tenfold  the  cost  of 
repairs. 


NEW    SYSTEM    PROPOSED.  347 

Tlie  laborers  hired  by  the  deputy  in  each  town  sliould 
be  employed  by  piece-work  as  far  as  is  possible.  This 
can  be  carried  out  to  a  great  extent,  when  the  superin 
tendent  is  competent  to  measure  accurately  the  various 
descriptions  of  work,  and  to  estimate  their  comparative 
diflSculty.  When  the  work  cannot  be  properly  executed 
by  portions  allotted  to  one  man,  it  may  be  taken  by  gangs 
of  four  or  five,  who  should  form  their  own  associations, 
make  a  common  bargain,  and  divide  the  pay.  In  work 
not  susceptible  of  definite  calculation  as  to  quantity  or 
quality,  and  in  such  only,  day-labor  may  be  resorted  to 
under  a  continual  and  vigilant  superintendence. 

In  such  a  system  as  has  been  here  sketched,  the  money- 
tax  would  be  found  to  be  not  only  more  equitable  than  the 
personal-labor  system,  but  even  less  burdensome.  None 
of  it  would  be  wasted  ;  and  those  who  had  skill  and 
strength  for  road-work  would  receive  back,  in  wages, 
more  than  their  share  of  it ;  those  who  were  skilful  in 
other  work  might  remain  at  that  which  was  most  profitable 
to  them,  and  pay  only  their  simple  share  of  the  road-tax, 
not  double,  as  when  they  now  commute  ;  and  the  only 
losers  by  the  change  would  be  the  indolent,  who  were 
useless  under  the  old  system,  but  under  this,  would  be 
obliged  to  contribute  their  share  ;  while  great  gain  in 
every  way  would  ensue  to  the  community  at  large.  The 
subject  urgently  demands  legislative  attention. 
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BXCAYATION  AND  mSBAKmOSST. 

It  is  required  to  find  the  content  of  a  mass  of  earth,  filled  into  a 
hollow  or  dug  out  of  a  hilL 

Smce  we  cannot  really  measure  the  dimensions  of  the  mass  aller 
the  work  is  done,  it  is  necessary  to  determine  the  height  of  the 
original  surface  of  the  ground,  above  (or  below)  some  datum, 
before  the  cutting  or  filling  is  made.  This  is  done  by  taking 
"  levels"  {or  cross-sections)  at  all  points  where  the  ground  changes 
slope. 

After  the  cutting  or  filling  has  been  made,  "  levels"  are  again 
taken  over  the  new  surfiice,  generally  exactly  above,  or  below, 
the  original  ones.  The  difference  of  the  con*esponding  levels 
gives  the  desired  heights,  or  depths.  Then  the  proper  rules  of 
mensuration  can  be  applied.  There  are  several  cases  to  be 
considered. 

Case  I.  When  the  ground  is  level  transversely, "  One  level." 

Casb  II.  When  it  is  sidelong,  that  is,  has  a  transverse  slope, 
•*  Two  level." 

Case  IIL  "  Thi-ee  level"  ground. 

Case  IV.  Irregular  ground. 

Case  V.  On  curves. 

Case  I. — When  the  ground  is  level  transversely/ ,  *^One  leveV* 

It  is  then  sufficient  to  take  a  single  **  level"  at  each  point  of  the 
line  at  which  the  ground  changes  slope  longitudinally  (as  on 
p.  116).  The  content  is  then  calculated  by  one  of  the  following 
methods : 
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Fig.  ISU 


wlien  lie  says  that  the  ground  "  varies  uniformly"  from  tbe  pUoi 
at  wlilcli  111'  BlAiirls,  and  at  wliicli  he  haa  just  taken  a  cross-secl 
to  the  place  al  wliicb  he  decidea  It  will  be  proper  tii  take  Ibe  next 
croBs-aection ;  whether  he  means  that  the  ground  between  the 
IB  straight  eroae-wtee  or  straight  length-Kiae ;  straight  at  right  anglf 
to  thsUireclion  in  wliicli  the  road  rnns.orstraiglitiu  that  direction. 
Probably  lew  engineers  ask  themaelTeB  tills  question  in  so  niaof 
words ;  but  it  would  seem  that  the  former  conception,  or  atraighk 
nam  crottmUe,  la  the 
more  likely  to  be  what 
is  meant,  for  the  renaon 
that  any  deviation  from 
Btraightness  in  tliat 
direction,  at  right 
angles  ti)  the  line 
uloug  which  we  look, 
is  much  more  easily 
seen  than  in  the  other 
direction.  We  can 
therefore  mucU  more  readily  determin 
i-oad  ia  straight  or  curved  from  side  V 
und  the  surface  which 
we  pronounce  uniform, 
ia  tlierefom  much  more 
llki-ly   to    be    atraight 

straight  length- wise. 

In  geometrical  lan- 
guage the  furmei'  sur- 
face (which  ia  repre- 
sented in  plan  in  Fig. 
151,)  is  generated  by  a 
straight  line  resting  on 
extremities  of  the  Iw 
or  perpendicular  to  the  axis 
baiie  paraboloid," 

The  Inltcr  surface  (shown 
le  resting 


;  whether  the  anrfnoe  of  tl 
side  than  from  end  In  em 


in  ihu  two  straight  lines  which  Join 
profiles,  and  moving  pHrallel  la  their  pi 
;  axis  of  the  road.    This  surface  it 


1  plan  in  Fig.  152,)  is  generated  1)7 
i  profiles,  and  miiving  parallel 
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CALCULATION  OP   EXCAVATION   AND   BHBANKHBMT. 


1 

2 

3 

4 

5         6 

7 

e    1     9 

10 

"Ta 

l°i^" 

1^ 

+ 

.. 

1 

ts:i:: 

1 

3 

561 

esB 

835 
820 
8H5 
330 

46-0 
592 
53.9 
263 
0.9 
4.9 
10.0 

_4.H 

—  7.3 
-7.0 

—  7.0 

—  7.0 

—  S5 

46.0 
41J! 
33-9 

26J) 
19.9 

ia.9 

10. 

0 
IS 

ao 

D 

0 

Id 

0 

0 
13S6 

1600 

0 

1673 

528 

388,773 
1,980,994 
660,000 

685,580 
907,500 
87,120 

4319 

36.0 

2,329.767 

1.680.140 

In  the  sboTe  tabnlar  view,  the  firat  seven  colamns  are  traoBfeTred 
Trom  page  116.  The  remaiDing  coIumDB  oC  areas  and  cuhical  cun 
tents  are  filled  up  hj  the  following  calculations,  asaumiog  at  50  feel 
ihe  width  of  road-bed  ;  which  will  be  the  bottom  of  a  cmting,  ot 
the  top  of  an  embankment,  at  a  height  juat  aufficient  to  eqn^ize  the 
eleTations  and  depressions  of  Ihe  final  transverse  profile  of  the  sun 
face  of  the  mad.  The  side-slopes  of  the  excavations  are  supposed 
Id  be  Ij-  to  I,  and  those  of  the  embankments  3  to  1.  We  are  now 
prepared  to  take  up,  in  tnra,  each  of  the  four  tisnal  methods  of  cal 
colatioD. 


28 


eegeneraied  tm  lAeflrlt 


htpMau—a>t  aOtr  faeaitiag  fldima. 

We  w31  take  the  cate  of  an  exciialion ;  rhat  of  an  embaobmoil 
bring  Ifae  tame  inverted. 

We  win  begin  by  considraiii^  Ibe  bnOom  of  tbe 
)eTeI,and  its  rades  to  be  Totical;  and  will  aftenrard  diaciun  ttis 


Lei  A  and  a'  I«  the  parallel  sections  at  each  end  of  tbe  solid ;  I 
and  1/  their  respective  breadths ;  p  and  q  the  outside  depths  nf  till 
section  A,  and  p'  and  ^  those  of  the  sction  a'  ;  and  i  the  length  of 
the  solid,  measured  nt  right  angles  to  the  planea  of  the  sections. 

The  outside  depths  arc  supposed  to  vary  imifomily  from  plojf 
and  tl:oin  q  to  tf. 

Theo,  at  x  feet  ftom  a,  tlie  breadth  =  A  +  £.(i'—  J) ;  one  no 
depth 

=  p+.^lp'— p);  and  tin;  other  =  ;  +-^(7"—^, 


I    ■ 


I  " 


Tbe  area  of  that  section  will  therefore  be 

0  the  powers  of  x,  it  btt 
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The  contents  of  the  second  mass,  that  between  3  and  3,  equalu 

1386  +  1600 

2 X  868  =  1,280,994  cubic  feel. 

The  third  mass  = ^f^  X  826  =  660,000  cubic  feet. 

Here  the  excavation  ends,  and  the  embankment  begins. 

0  -f  1672 
The  fourth  mass  =  — — X  820  =  686,620  cubic  feet. 

to 

1672  +  628 
The  fifth  mass  = ~- X  826  =  907,500  cubic  feet 

628  +  0 
The  sixth  mass  = X330  =  87,120  cubic  feet. 

These  results,  being  in  cubic  feet,  should  be  divided  by  27,  to 
reduce  them  to  cubic  yards,  the  denomination  in  which  estimates 
are  made  and  contractors  paid.  This  reduction  would  be  facilitated, 
if  the  measuring  tapes  and  rods  were  divided  into  yards  and  their 
decimal  parts ;  or  if  the  distances  of  the  stations  were  always 
some  multiple  of  64  feet. 

The  results  thus  obtained,  by  averaging  the  end-areas,  exceed 
the  correct  amount,  as  will  appear  from  an  inspection  of  the  figure 
on  the  following  page,  from  which  may  also  be  deduced  the  cor- 
rection to  be  applied. 

This  figure  presents  a  perspective  view  of  a  tapering  prismoidal 
mass,  such  as  is  an  excavation  of  unequal  size  at  its  two  ex- 
f  realities  ;  ABCD  being  the  area  of  its  largest  end,  and  EFGH  of 
its  smallest.  Conceive  a  plane,  parallel  to  the  base  of  the  cutting 
CDHG,  to  be  passed  through  £F.  It  would  cut  the  larger  end  in 
the  line  I  J,  leaving  below  it  a  quadrangular  prism,  with  equal  bases 
EFGH  and  CDIJ.  Subdivide  the  remaining  figure,  by  raising  the 
vertical  lines  IL  and  JK,  and  passing  a  plane  through  XL  and  E, 
and  another  through  JK  and  F.  The  interior  body  thus  formed 
appears  wedge-shaped,  but  is  a  triangular  prism,  equal  to  half  the 
quadrangular  prism,  which  has  IJKL  for  base,  and  IE  or  JF  for 
height.  There  remain  two  triangular  pyramids, — one  with  base 
AU  and  vertex  E,  and  the  other  with  base  BJK  and  vertex  F. 

The  prismoid  being  thus  dissected,  the  contents  of  the  quadran- 
oular  and  of  the  triangular  prisms  would  be  correctly  obtdned  by 
oialtiplying  the  sum  of  the   bases  or  end-areas   by   one-half  the 
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length  ;  but  Ui  find  the  contents  of  the  pyramids,  their  banes  should 
be  multiplied  by  one-third  of  their  length.  The  method  of  calcula- 
tion which  we  have  employed  multiplies  the  sum  of  the  end-areas 
of  the  original  figure,  (which  is  composed  of  the  prisms  and  pyra- 
mids which  we  are  discussing)  by  one-half  the  length ;  and  there- 
fore gives  a  result  too  large  by  the  difference  between  a  half  and  a 
third — ».  c,  by  a  sixth— of  the  product  of  the  bases  of  the  pyra- 


mids by  their  length  :  t.  e., 


JK  X  KB  -HL  X  LA      JF 
2  ^   6  • 


Representing  by  d  the  difference  of  the  depths  of  the  epd  cut- 
tings, the  ratio  of  the  side-slopes  by  «  to  1,  and  the  length  of  the 
cutting  or  filling  by  /,  the  error  in  excess  will  be 

dXsd+dXsd       I       sd*l 

— — V — — 

2  ^6""     6   • 

If  this  be  calculated  for  each  mass,  and  subtracted  from  the  results 

previously  obtained  by  averaging  end-areas,  the    remainder  will 

equal  the  result  obtained  by  the  correct  prismoidal  formula,  to  be 

hereafter  examined.     Thus,  for  the  mass  between  stations  1  and  2 

14  X  18' X  661 


the  correction  is 


6 


=  45,441, — ^giving  a  remainder 


=  388,773  —  45,441  =  343,332,  which  is  the  correct  amount.  The 
original  and  corrected  amounts  are  presented  below  in  a  tabular 
form  : 


ORIGINAL  AMIH/NT). 

COBIiECirON*, 

1 

CORBECTED  AMOUNTS. 

Excavation.  Embankment 

Formnln. 

Amounts. 

Excavation. 

Embankmout. 

388,773 
880,000 

1 

885,590 

007.500 

87,190 

liX18*X561 

45.44] 

858 

83,500 

08,673 

33,375 

7,040 

343,333 

1.380,136 

577,500 

580,847 

874,395 

80,080 

6 
UX  S»X«i8 

6 
1JX90»X825 

6 
8  X19>X820 

6 
8  X11SX825 

6 
3  X  8»X330 

6 

8,399,787 

1,680,140 

198,799'l38,968 

3,200,968 

1,541,153 

We  thas  see  that  the  method  of  calculating  excavation  and  em 
oankmcnt  by  averaging  the  end-areas,  though  very  generally  used, 
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it  80  incorrect  that  in  tbe  present  example  its  excess  over  tketmk 
is  nearly  180,000  cabic  feet  in  the  excaration,  and  140,000  id  tbe 
embankment,  or  370,000  in  the  whole,  equal  to  10,000  cnbic  jvk. 
If  this  method  had  been  used  in  eetimating  the  payment  dm  to  i 
contractor  at  10  cents  per  yard,  he  would  hare  been  toniW|i«Briy 
overpaid  $1000. 

-    2.   CALCULATION   B7   THE    MIDDLE   AREAS. 

The  second  method  of  calculation  is  to  deduce  the  middle  mt 
of  earh  prismoidal  mass  from  the  middle  height,  or  arithmetical  meu 
cf  the  extreme  heights,  and  multiply  it  by  tbe  length. 

Applying  this  method  to  the  preceding  example,  and  adopting  tbe 
columns  1,  2,  6,  and  7  of  the  table  on  page  116,  we  obtain  the  w 
suits  exhibited  in  the  last  three  columns  of  the  following  table. 


Station. 

Distance.  Cot. 

1      _ 

Pill. 

Middle 
Helfthto. 

Mkkllf) 
Areas. 

EzcaTHtiim. 

EinbanknieaL 

1 

0 

0 

571.6 

320,611 

2 

561 

18. 

19 

1491.5 

1,279,707 

3 

858 

20. 

10 

650. 

536,250 

4 

825 

0 

0 

9.5 

655.5 

537,510 

6 

8-20 

19.     13.5 

1039.5 

857,687 

6 

8-25    ' 

8.       4 

232. 

76,560 

7 

330    1 

O.i 

1 

1 

2,136,568 

1,471,667 

The  following  formul»  show  the  method  of  obtaining  the  "  mid- 
dle areas"  in  the  sixth  column  of  the  above  table. 

Middle  height  =    9.  Middle  area  =  (50+ HX  9)  X  9     =  671.5 

=  (50+1 JX 19)  X19     =1491.5 
=  (50+14X10)  XIO     =-  650. 
=  (50+2X   9.5)X9.6  —  655.5 
=  (50+2X13.5)X13  5=-1039.5 

r     233. 


it 


(i 


44 


(4 


(t 


(» 


I( 


(i 


(I 


i( 


=  19. 
=  10. 
=    9.5 
=  13.5 
=    4. 


(( 


i( 


(( 


it 


it 


it 


(i 


it 


it 


it 


«< 


M 


=  (50+2X4)      X4 
The  cubical  contents  are  then  calculated  as  follows  : 
571.5  X  5n  =     3^20,611.5  cubic  feet. 
1491.5  X  858  =  1,279,707. 
650.    X  825  =     536,250. 
655.5  X  820  =     537,510. 
1039.5  X  825  =     857.587.5 
232.    X  330  =       76,560. 
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The  results  thus  obtained  are  too  small  their  deficiency  being 
equal  to  just  half  the  excess  of  the  first  roetnod.  This  will  appeal 
oy  again  referring  to  the  figure  on  page  352.  It  will  be  seen  thai 
the  contents  of  the  prisms  in  that  figure  will  be  correctly  given  by 
tliis  method,  but  that  the  deficiency  is  in  the  pyramids.     Calling 

t>eir  middle  heights  - ;  their  middle  widths  will  be  ^  -  ;  their  mid- 

die  areas  s  -^  ;  the  contents  of  one  of  them  sL  -^  ;  and  of  the  two 

iT      „  ^  ,  . ,    .         /dXsd      l\ 

\l  -  .     But  the  true  contents  of  the  pyramids  is  2  I  — r —  ^  o  ) 

=  5/  — ;    and  the   deficiency  of  the  method  of  middle  areas  is 

t1  erefore  the  difference  between  a  third  and  a  fourth — i.  e.  a  twelfth 
— of  the  product  of  the  bases  of  the  pyramids  by  their  length,  or 

—  .     Corrections  thus  calculated,  and  added  to  the  above  results, 
12 

would  make  them  coincide  with  the  true  ones  given  by  the  pris* 
moidal  formula,  which  we  will  next  consider. 

3.    CALCULATION  BY  THE  PRISMOIDAL  FORMULA. 

The  mass,  of  which  the  volume  is  demanded,  is  a  true  Prismotd, 
and  its  correct  contents  will  therefore  be  given  by  the  well-known 
prismoidal  formula,  which  is  as  follows  : 

Find  the  area  of  each  end  of  the  mass,  and  also  the  middle  area 
corresponding  to  the  arithmetical  mean  of  the  heights  of  the  two 
ends.  Add  together  the  area  of  each  end,  and  four  times  the 
middle  area.  Multiply  the  sum  by  the  length,  and  divide  the  pro- 
duct by  6.     The  quotient  will  be  the  true  cubic  contents  required. 

Applying  this  method  to  the  original  example,  and  adopting  col- 
umns 1,  2,  6,  7,  8,  from  page  349,  and  the  middle  areas  from  page 
ZtHi  we  may  prepare  the  follow  ing  table  : 


APPENDIX  A. 


1.  DWUDce.  OoL  niL 


U91.5 
I  650. 
>     635.5 


343,332 
1,360,136 
577,500 


The  Runnei  of  obuiniog  the 


659,B16   

in  the  last  two  ealuinai  ■ 

(0+ 1386+  671.5  Xi)  X  ^=  343,338. 
<13S«  +  1600  +  U81.5  X  4)  X  -jj—  =  l;a80,136. 
(1600  +       0  +    B50     X  1)  X  -T-  =     577,500. 

(0+1672+    655.5X4)X-^=     58«,e47. 

B95 
(1673+    538+ 1039.5  X  4)  X —  =      874,325. 

(528  +        0+232      X  4)  X  -g—  =       80,080. 

Whatever  the  shape  of  the  mass  nf  earth  intercepted- bet weei; 
two  parallel  cross-sectiana,  it  may  be  dJTided  into  prisma,  pyramids, 
'vcdgea,  or  fruatra  of  pyramids,  lo  all  which,  and  therefore  to  the 
ontire  mass,  tbe  priamoidal  formula  rosij  be  correctly  applied.* 

The  labor  of  the  calculation  ma}  b«  much  leaaened  by  the  mu 
of  tables,  such  as  those  of  Macneill,  Bidder,  Fourier,  JohDMm,  Ac 
A  specimen  of  Mscneill's  is  ^ven  at  the  eni)  of  the  volume. 

The  priemoidal  formula  may  be  readily  deduced  from  the  difc 
aecled  ligure  on  pa(;e  354.  Call  the  height  of  the  lessor  end  h  ;  of 
the  greater  end  g ;  the  breadth  of  base  i ;  the  ratio  of  the  aide- 
alopes  to  unity  s;  and  the  length  I.     Then  we  may  prooMd  thw: 


*  Joonal  of  the  Frankl'm  h 


B,  Janaary  and  JniM,  1B40 
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Aie&  of  the  smaller  end  EFGH  =  h{b  +  sh)  —  bh+  «A* 
.*.  Content  of  the  lower  prism  =  {bh  +  *A*)  X  /,  .     .         .     [A] 
Area  of  rectangle  IJKL  =  (^  4*  S^A)  {g—k)=bg+  2sgh 
—  M  — 2#A\ 

/ 
.".  Content  of  the  upper  prism  =  (bg-\-  2sgh —  bh  —  2sh*)  X-,  [B] 

Bases  of  the   two  pyramids  =  (g  —  h)  X  *(g — A)  =5g*  — 
2sgh  4-  *A'. 

.*.  Contents  of  the  pyramids  {sg*  —  23gh  +  *A")  X  « i     .     .    [C] 

Uniting  the  expressions  for  the  partial  contents  [A],  [B],  and 
[C],  and  reducing  them  to  a  common  denominator,  we  get  for  the 
contents  of  the  prismoid, 

(6^A  +6^*+  2bg  +  ^gh  —  3^A  —  6M«  +  2sg'  —  isgh  +  '2sh*)  X  ~ 

=  (3M-f-3ft5'  +  25^A+2^g^+25A»)  X  ^ [Dl. 

This  expression  may  be  decomposed  into  the  following : 

(M  +  *A«+i^  +  *^  +  245'  +  2M  +  2*^A4-^^  +  M'»)  X  ^ 

o 

The  first  two  terms  express  the  area  of  the  smaller  end  of  the 
prismoid,  and  the  next  two  the  area  of  the  larger  end.  The  re- 
maining five  terms  may  be  transformed  into 

which  is  the  expression  for  4  times  the  middle  area  ;  thus  giving 
the  prismoidal formula. 

The  formula  [D],  giving  the  contents  of  the  prismoid,  may  be 
transformed  into  another,  more  convenient  for  calculation  than  the 
usual  prismoidal  one.     By  separation  into  factors,  it  becomes, 

[3*(^A+^«  +  A*)  +  34(A  +  ^)]xi   ....  [E] 

w  hich  gives  the  following 

RULE. 

Add  together  the  squares  of  the  heights  at  each  end,  and  their 
prodnct.  Multiply  the  sum  by  twice  the  ratio  of  the  side-slopes  to 
Mnity     Reserve  the  product.     Multiply  t  le  sum  of  the  heights  by 


1 
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throe  times  the  bretdth  of  bsee,  and  add  the  product  to  the  reserved 
prodnet.  Multiply  their  sum  by  the  length  or  distance  between  the 
two  eroee-sections,  and  divide  by  six. 

Applying  the  rule  to  the  mass  between  stations  9  and  3,  we  find 
^  =  SO,  A  =  18,  &  =  50,  #  =  4,  /  =  858»  and  the  calcohliui  U 
made  thus : 

18»  =  324 

20»  =  400 

18  X  30  =360 


1084  X  3  X  U  =  3299 

18 

20 

38  X  3  X  50  —  5700 

8953 

858 

6)  7680816 

Cubical  contents 

=   1280136 

Formula  [E]  may  be  also  transformed  into  the  following  formnie, 
either  of  which  is  more  convenient  for  calculation  than  the  asua] 
prismoidal  formula. 

[25  (^  —  A)«  +  3ft  (g-\-h)-\-  6sgh]  X  ^  .     .     .     [Fl 

D 

or      [23ig-\-h)*-\-3b{g-^h)^2sgh]x  ^  .     .     .     [G] 

When  the  side-slopes  are  1^  to  I,  the  preceding  formulae  are 
much  simplified,  for  2s  =  3,  and  the  factor  three  may  therefore  be 
eliminated  from  each  term,  and  one-half,  instead  of  one-sixth  of 
the  length  be  used  as  a  multiplier. 

Formula  [G]  then  becomes 

rOf +*)'+*(#  + A) -/r*!  X  g  =- 

-l(*  +  ff+A)Or+A)-fA]xi.    .     .    [H] 
This  formula  gives  the  following 
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RULE. 

When  tiie  side-slopes  are  Ij  to  1,  add  together  the  breadth  of 
base  and  the  heights  at  each  end  of  the  mass.  Multiply  this  sura 
by  the  sum  of  the  two  heights.  From  the  product  subtract  the  pro- 
duct of  the  two  heights.    Multiply  the  remainder  by  half  the  length. 

The  calculation  of  the  preceding  example  will  then  be  made  thus : 

50 

18         18 

20        20 

88  X  38  =  3344 
18  X  20=    360 


2984 
868-4-     2=    429 


Cubical  contents  =  1,280436 

When  the  height  and  therefore  area  at  one  end  =  0,  A  Tanishcs 
from  the  formula  [E],  which  thus  becomes 

{2sg'-{'Ug)  X   ?  =  (25^  +  3^)  ^ [I] 

gluing  the  following 

RULE. 

Add  the  product  of  the  height  by  twice  the  slope  to  three  times 
the  breadth  of  base.  Multiply  the  sum  by  the  height,  and  that  pro^ 
duct  by  the  length,  and  divide  the  product  by  six. 

The  calculation  of  the  cubical  contents  of  the  mass  between  tJta- 
dons  1  and  2  will  accordingly  be  thus  made : 

3X4X18=   54 

3    X  50  =  160  18  X  561 

204  X ;; =  343332. 


204 


Wlien  tliese  last  two  conditions  are  combined  (i.  e.  slopes  1|  to  1 
and  one  height  =  0)  formula  [I]  becomes,  still  more  simply, 

^^±M PT 


] 


362  APPBlifDIX  A. 


FORldULA    FOR    A    SERIES    OF    EQUAL    DISTANCES. 

When  the  cross-sections  have  been  taken  at  uniform  distances 
apart,  (as  is  usual  in  the  final  location  of  a  Road  or  Railroad,  oqo 
hundred  feet  being  the  customary  interval)  the  calculation  of  the 
cul)ical  contents  of  the  successive  prismoids  may  be  reduced  to  a 
single  operation  for  the  whole  series,  and  therefore  much  short- 
ened, by  the  use  of  the  symmetrical  formula  which  will  be  now 
investigated,  and  presented  in  the  form  of  a  Rule. 

Through  the  first  prismoidal  mass  of  earth,  conceive  two  ?crti 
cal  planes  to  pass  lengthwise,  cutting  it  in  the  lines  in  which  tlic 
side-slopes  meet  the  base  of  the  road,  (which  is  the  bottom  of  ao 
excavation,  or  the  top  of  an  embankment)  as  the  lines  CG  and 
DH,  of  Fig.  148.  These  planes  divide  the  prismoid  into  a  cen- 
tral prism,  and  two  pyramids  or  frusta.  The  content  of  the  entire 
prismoid  is  expressed,  according  to  formula  [GJ,  page  358,  by 

[2s{g-hhr+3b{g  +  h)  —  2sgh]X-^ [G] 

This  may  be  decomposed  into  these  two  portions : 

[3Ate+A)]xl  =  |(-+  A) [KJ 

l3s{g  +  hY-2sgh]Xj=j[(g  +  ky-gh]  .  .  .  [LJ 

Formula  [K]  expresses  the  content  of  the  central  prism,  and  foi- 
mula  [L]  that  of  the  two  pyramids  or  frusta.  Denoting  the  end 
depths  (without  regarding  which  is  the  greater)  by  h  and  h',  (the 
former  representing  the  depth  at  the  starting  point,  and  the  lattci 
that  at  the  farther  end)  the  formulae  become 

j{h  +  h') [M] 

j[(A  +  Ar-M']    .  .  .  [N] 

Considering  now  the  next  prismoid,  or  following  length  of  exca- 
vation, (or  embankment)  its  first  depth  is  seen  to  be  identical  with 
the  last  depth  of  the  preceding  prismoid,  i.  e.  it  is  V.     Calling  the 
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depth  at  its  farther  end  h!'^  the  content  of  Us  central  prism^  by 
formula  [M],  will  be 

I  (A'  +  h") 
The  content  of  the  third  length  will  similarly  be  ■* 

J  (A"  +  A'") 

and  so  on  fur  the  succeeding  portions,  /  being  the  same  in  each. 
The  sum  ol  any  number  of  these  will  be 

^  [(A  +  h')  +  (A'  +  h")  +  (h"  +  A'")  +  &c 1 

=  —  (A  +  2A'  -f  2A"  +  2A'''  +  &c.) 

Designating  the  last  depth  of  the  series  by  H,  this  expression 
may  be  written 

bl  ( A  -f  A'  +  h"  +  h'"  -f  Ai^  +  &c +  5)  .  .  .  .  [O] 

Expressed  in  words,  it  then  gives  this 

RULB. 

To  find  the  cubical  contents  of  the  central  prisms,  add  together 
half  of  the  first  and  last  depths,  and  all  the  intermediate  depths. 
Multiply  their  sum  by  the  breadth  of  base,  and  that  product  by  the 
length  in  feet  of  one  of  the  equal  distances.  The  last  product  will 
be  the  contents  in  cubic  feet. 

The  content  of  the  two  pyramids  or  frusta,  on  each  side  of  the 
central  prism,  is  for  the  first  length,  by  formula  N, 

y[(A  +  Ar-AA'] 

For  the  second  length  it  is  —  [(A'  +  A")'—  A'A"] 

«s 

For  the  third  length  it  is  ^  [(A"  +  A'"'—  A"A"'] ;  and  so  on. 
For  any  number  of  equal  lengths,  the  sum  of  the  contents  is 
-  [(^  +  hy  -f  (A'  +  A")«  +  &c.  —  (AA'  +  A'A"  +  &c.)]  .      .  .  [P] 
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enii  arens"  always  gives  more  Umn  the  titie  cnnlent  of  a  prismoW 
(aiicb  as  a  tapering  stick  of  timber,  a  mill-bopper,  etc.),  that  tliere 
eeems  at  Si-st  glaoce  an  npparent  inconsistenc;  !□  the  above  st 
ment.  Tlie  difficulty  is  removed,  however,  by  tbe  cansideratka 
that  our  WArped-surfoce-Bolid  ia  nut  a  prismuid,  although  it  is  la  be 
calculated  by  the  priamoida!  rule.  A  Bomewbat  aualogooa  cf 
tliat  of  a  sphere,  to  which  the  prismoidal  rule  also  applies,  as  shown 
in  an  inKCnious  paper  by  Mr.  Ellwood  Morris. 

II.  The  method  of  "Middle  areas"  will  next  be  taken  np.  Thil 
araumes  the  content  to  be  equal  to  the  product  of  the  area  of  the 
middle  cross-section  of  Uio  solid  by  ila  length.  This  cooleoi 
therefore  be  expressed  in  our  aymbola  tlius : 

i  W  (P  +  p')  X  (q  +  q'). 

Bubtracting  this  from  the  true  content  (1),  we  oblniu,  after  a 
little  reduction,  for  tlie  eiccM  of  the  former, 

I'jsitpq  +  p'ij'-pii'-p'ti) 

For  the  reasons  before  given  this  may  be  written  thus ; 

iV  »  '  (P  3  +  P'  S'  -  P  S"  -  P"  g) (ST 

Comparing  this  expresaion  with  (3),  we  see  that  we  have  merely 
to  retene  the  deductions  there  established;  and  that  this  method 
will  give  results  too  small  when  the  preceding  method  gave  theiu 
too  great,  and  tiee  terta. 

The  absolute  error,  however,  will  t>c  only  half  so  great;  the  co- 
efSclentin  (5')  being  only  nne-half  so  great  as  thai  in  (3'). 

III.  The  method  of  "  Equivalent  mean  lieighti*"  (or  depths)  b . 
now  to  be  examined.  It  consista  (as  is  well  known  to  engineers) 
in  conceiving  the  given  solid  to  be  transformed  in  such  a  way  Ihat 
its  top  surface  shall  be  a  plane,  everywhere  level  crossways  nt  riglit 
angles  lo  tbe  length,  and  that  the  areas  of  the  ends  (wliich  bars 
tlien  become  level  trapezoids)  shall,  at  the  same  time,  be  equivalent  > 
to  the  original  areas.  The  method  then  assumes  that  the  content 
of  tills  new  solid  (which  is  a  true  prismoid)  is  equal  to  the  original 
content  of  Uie  real  sidelong,  warped -surfFice-sol id. 

This  is  tlie  method  which  it  has  long  been  customary  to  employ 
when  perfect  acciimcy  was  desired  ;  and  most  of  the  l;iblca  and 
diagrams  for  sidelong  nnd  irregular  ground  are  construcied  obi 
tills  hyiwibesU.  The  question  of  its  correctness  is  therefore  bo 
>ini>orlsnl  one. 
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Tke  mmtf  nCs  of  the  pyramids  and  fnisla,  by  ibnniil&  [P], 


9X  100 


X  < 


(0  +  2)' 

+  (2  +  ^r 

+  (4  +  3)' 
+  (3  +  6)'' 

+  (5  +  1)' 
[+(1+4)M 


* 

— 

'      2X4] 
+  4X3 
+  3X5 
+  5X1 

L+IX4J 

> 

800 
3 


' 

r           4^ 

( 

^                                  a 

* 

+  36 

8 

+  49 

+  12 

< 

+  64 
+  36 

+  25 

+  15 

+    5 
+    4 

y 

» 

214 

^      44^ 

^ 

=  ?^X  170=11333. 


51000+  113:t3.  =62333  cubic  feet  =  2308.6  cubic  yaid«  =s. 
the  entire  cubical  content  required. 

4.    CALCULATION    BY    MEAN    PROPORTIONALS. 

A  fourth  method,  called  that  of  '*  Mean  proportionals/'  is  8om» 
times,  though  very  improperly^employed.  It  assumes  implicitly  that 
the  mass  is  a  frustum  of  a  pyramid,  t.  e.  that  all  its  sides,  if  pro- 
duced, would  intersect  in  one  vertex,  a  supposition  which  would 
very  seldom  be  perfectly  true.  On  this  assumption  the  following! 
is  the  Rule, 

Add  together  the  areas  of  the  two  ends,  and  a  mean  proportional 
between  them,  (found  by  extracting  the  square  root  of  their  product)  ^ 
and  multiply  the  sum  of  these  three  areas  by  the  length  of  the 
frustum,  and  divide  the  product  by  three.  The  result  is  always 
rruch  less  than  the  truth,  for  it  treats  as  pyramids,  or  thirds  of 
prisms,  the  wedge-shaped  pieces  which  are  really  halves  of  prisms- 
it  is  farthest  from  the  truth  when  one  of  the  areas  =  0. 

Case  II. —  When  the  ground  is  sideUmfj^  i,  e.,  haa  a  transverse  8l(»jie^ 

"  TuDO-leveir 
The  cross-section  of  the  ground,  at  right  angles  to  the  direction 
of  the  road,  has  been  assumed  to  be  level.  But  the  height  of  the 
surface  of  the  ground  usually  varies  considerably  within  the  widlh 
to  be  occupied  by  the  future  road,  and  renders  necessary  the  taking 
of  levels  not  merely  on  the  centre  line,  but  also  on  the  sides  at  the 
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TIE.,  wbeu  tbe  prodnctaof  the  pain  orheigbb  dtagooanf  oj 
to  eacta  other  are  equaL 

lY.  B'tme  enpjaeen  ba,je  omcdTed  tfae  si 
Ijing  litiweeD  two  ench  i:rce»«tctioii«  i 
to  be  fonoed  by  two  triacgtiUr  planes  ine«dng  in  a  line  n 
diagoDallj  &om  p  to  ^,  or  from  }/  to  f  (eee  Fig.  13$],  a 
t'jrm'iag  a  ridge  or  a  lioUow  situated  in  this  line," 
would  be  abnormal  onea,  and  eacb  gnDund  would  not  **  n 
furmlj"  between  tlie  crogs-sectioiiB.     We  will,  howerer,  emriw 
ilijs  coDceptiun.  as  it  will  Icsd  us  lo  Eome  interesting  rcsolta. 

We  wUl  begin  by  BQppr«^g  the  solid  in  be  boimded  on  its  side* 
b,y  Tertical  planes  pasaiog  tlirougli  the  outer  aide-lines  at  its  bot- 
fuce,  and  to  hare  its  base  pass  tiiroagb  the  line  in  wliicL  Ibe  pru 
longed  eide-slupes  would  meet,  so  that  tins  heights  of  ila  corners 
will  be  P,  q,  P*,  <}',  as  in  the  preceding  discilsdolL 

Let  now  the  diagonal  be  con^dered  to  run  from  the  left-lianil 
comer  of  the  nearest  end  of  the  solid  to  the  right-hand  c 
the  TarthM  end  ;  say,  frtim  the  height  p  to  the  height  q'. 
have  to  get  tlie  middle  area.  Tlie  middle  height  of  the  diagonal 
^i  (P  +  t')-  The  middle  widih  of  the  left-hand  side  of  the  solid 
=  }  («p'-)-«it'),  and  themiddlelefl-handheigUt  =  i(p-<-F^  Tlia 
middle  lefl-hand  area  is  tlierefore — 

i  X  H>F'  +  »q;)  xHp  +  ct'+T  +  r'). 

Similarly  we  get  the  middle  right-hand  area — 

=  i  1  i(»T  +  gci)  -x  Hv  +  ti'  +  n-t-  <i'). 

The  sum-of  these  two  arena  gives  the  complete  middle  ■ 
From  it  deduct  tlie  areas  of  the  triangles  on  each  side  of  the 
origitial  solid.  The  left- band  one  bos  its  height^i(p -i-  p'),  and 
lis  base  a  times  t&at,  and  tbe  nghl-baud  one  has  its  heights  J 
(4  +  4')i  °t>d  its  base  4  timi^a  that,  Using  the  middle  aren  thus 
obtained,  wilb  llic  end  areas,  in  the  prismoidal  rule,  we  obtain  the 
content  of  ilie  solid  on  the  new  hypothesis.  Its  expression  may  ba 
reduced  lo  tbe  following: 

i*HF<i*F(i'+pq-) 

Bubtracting  tills  t>om  the  true  content  (1),  we  gel  for  Uiu  e 
of  the  latter. 

t»i(p'Q-PQ-) W 

m  Sir  J,  B.  Il,-nck'»  vtry  caliMlile  "  Field  Book  Cur  BiillMd  t(lii.-inL-«i 
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a  hyperbolic  paraboloid,  but  the  prismoidal  foiinula  still  applies, 
as  will  now  be  shown. 

THK    CALCULATION    OP    ROAD  EXCAVATIONS    AND    EMBANKMKNTB. 
WHEN  THE  GROUND  IS  A  WARPED  SURFACE.* 

When  an  engineer  is  laying  out  a  road  or  railway,  he  has  to 
determine  the  amount  of  earth  necessary  to  be  removed  in  making 
the  "  cuts"  and  "  fills'*  of  the  road.  To  do  this,  his  most  usual 
course  is  to  take  "  cross-sections"  or  "  profiles,"  of  the  ground  at 
right  angles  to  the  line  of  road,  at  convenient  intervals,  and  then  to 
calculate  by  various  methods,  commonly  near  approximations,  the 
volume  included  between  each  pair  of  these  cross-sections.  The 
distances  apart  at  which  these  cross-sections  are  taken,  are  deter- 
mined by  the  engineer  according  to  the  nature  of  the  ground ;  his 
aim  being  that  there  shall  not  merely  be  no  abrupt  change  of 
height  between  each  pair  of  these  cross-sections,  but  that  the  sur- 
face from  one  to  the  other  sh&\\  va/ry  uniformly ;  gradually  passing, 
for  example,  from  a  small  to  a  great  degree  of  slope,  or  from  a 
slope  to  the  right  into  a  slope  to  the  left,  without  any  sudden 
variation  at  any  one  place. 

The  surface  fulfilling  this  condition  of  varying  uniformly,  since 
it  is  everywhere  straight  in  some  direction,  is  evidently  a  ruled 
surface;  and  since  the  extreme  profiles  are  seldom  parallel,  it  will 
be  a  warped  or  iu)i8ted  surface. 

Our  engineers  have  been  accustomed  to  consider  these  surfaces  as 
not  admitting  of  precise  calculation,  but  only  of  a  degree  of  ap- 
proximation varying  with  the  nearness  of  the  cross-sections.  The 
object  of  this  paper  is  to  examine  the  correctness  of  tliis  position. 
It  will  therefore  have  two  parts :  firstly,  a  discussion  of  the  precise 
nature  of  the  surface ;  and  secondly,  an  investigation  of  a  formula 
applying  to  it 

L  What  sort  of  a  warped  surfojce  is  the  o^m  in  qu^Uon;  that  is, 
what  is  its  modr  qf  generation  t 

To  determine  this,  we  must  inquire  what  the  engineer  means 

*  This  paper  W8»  read  by  Prof.  Gillespie  before  the  *^  American  A8»ociation 
for  the  Advanceinent  of  Science,^*  end  it  has  been  thought  best  to  Insert  it 
without  abridgment  or  alteration.- Ed. 
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•nieat  of  tlie  solid,  bj  tbe  pribtDoldal  rule,  is  SS^i'O  cubic 

Applj-'iDg  to  tliia  example  tlie  meihod  of  "  ATeriiging  end  area»i"' 
we  get  c  content  of  38,350  cubic  feet,  or  600  cnbic  feet  loo  lilila; 
It  is  too  little,  because  Die  sum  of  the  products  of  tlie  deptlia  diapj 
poallj  opposite  to  each  other  is  greater  ILaii  tbe  sunt  of  the  producH] 
of  the  depths  belougiag  to  the  same  cmsa-Bection.  The  preciaal 
deficiency  ja  given  directly  by  formulr.  (3'). 

The  method  of  "  Middle  areas"  gives  30,150  cubic-  feel,  oi 
cubic  feet  too  much ;  in  accordance  with  formula  (3'). 

Tlie  nietliod  of  "  Equivalent  mean  heights"  comes  next,  Th8i 
formuU  on  page  ST7.  gives  the  "equivalent  mean  iieighla"  of  ll 
two  sections  us  B.97368  and  1481176  feet  Theh'  mean  gives  » 
"middle  area"  =  376.85.  The  corresponding  cooteot  =  38.8«i 
ii.bic  feet.  The  deficiency  is  390  cubic  feet  Tlie  same  ia  gives 
in  advance  by  formula  (7) ;  since  we  have  (.adding  8  -f-  2  «  =  II 
=  B  to  the  original  depths),  P  =:  18,  Q  =  a4,  p'=  37,  and  Q'=aii 
whence. 


«  100 


(^15  X  31  -  ^37  X  34)'=  MO. 


The  methnd  of  imaginary  "  Diagonals"  gives  83,300  cubic  fee;, 
if  we  suppose  the  diagonal  to  run  &om  p  to  q';  i.  «.,  IVom  6  U)  18, 
thusfunulDg  ahoUow;  or  44,400  cubic  feel,  if  it  runs  from  p'  to  j/' 
I.  e.,  from  15  lo  18,  thus  forming  a  ridge.  The  duGcieocy  ia  lUS' 
former  case  is  5550  cubic  feet;  and  the  excess  in  the  laltcrci 
the  same  j  conformably  to  formulas  (D)  and  (10). 

BtainpU  %.  Conceive  the  outside  depths  of  ibe  Ihrlher  end  uf 
this  solid  to  he  interchanged,  so  that  13  may  be  011  the  left,  and  19 
on  tlie  right.     The  true  content  wUl  then  be  37,950  cubic  feet. 

But  "  Averaging  end  areas"  still  gives  the  same  as  tjefore,  Tit, 
38,250  cubic  feet  It  wag  less  tlian  the  true  content  in  the  farmer 
case,  but  it  is  now  more,  in  accordance  with  furmala  (S*).  Tbs 
"  Middle  area"  method  gives  37,800,  or  loo  little,  while  beftiro  II 
gave  ton  much ;  this  result  being  still  in  accordance  with  fat 
tnnla  (5"),  "Eqiuvalent  meat)  beighla"  i;ive  Ihe  same  as  bcrure, 
and  therefore  still  too  little. 

1.  Conceive  the  depth  ?',  of  Ihe  solid  of  ExiUDplu 
kVtfibuiged  from  12  to  15,  e,ll  \1ib  oUier  lUmemioiu  r 
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Tertical  plane  which  pBSsea  through  the  axis  of  the  road.  It  also 
ia  a  hyperbolic  paraboloid,  though  a  different  one  n-om  the  former, 
'i  he  French  engineers  Fig.  15J. 

{f gamin  1, 114 ;  UBaie 
OmtnOe,  ele.;^  adopt  ^ 
this   latter  hypothes: 
We   have    seen,   how- 
ever, that  the  former  is 
the  more  probable  one. 
The  French  hypoth- 
esis  is  farther   objec- 
tionable    on     mathe- 
matical  groands.     As  [ 
Boon  as  tlie  generating  line  quits  the  end  lines  and  rests  on  llie 
Bide  lines,  it  has  oew  directricea,  uid  the  whole  surface  generated, 
is  really  composed  of  three  different  paraboloids;  a  want  of  sym- 
metry alone  is  sufficient  to  cause  the  rejection  of  this  system. 

Fortunately,  the  practical  difference  between  the  two,  is  really 
very  slight;  for  a  very  small  change  in  the  latter  hypothesis  will 
make  ila  result  identical  with  that  of  Ihe  former.  Conceive  tha 
stroigtit  line  which  rests  on  the  two  profiles  to  move  on  them  in 
such  a  way  as  always  to  divide  them  proportionaUy,  as  in  Fig.  153. 
The  surface  thus  generated  ia  identical  with  tliat  of  Fig.  151 ;  as  is 
pi-oven  in  the  higher  descriptive  geometry. 

conception  is  also  more  probably  con-ect  than  Fig.  153 — 
suppose  the  engineer  to  consider  longitudinal  siraight- 
e  he  is  more  likely  lo  extend  his  imagination  from  all 
e  profile  to  the  corresponding  pans  of  the  other,  than  in 
lines  perpendicular  lo  the  profile  on  which  he  stands.* 

IL   We  tuUl  lAavfore  note  proceed  to  investigate  the  eoiUeat  of  a 

*  Since  the  »boT8  w«h  wriHen,  the  antlior  has  reea  an  abBlrait  of  the  Lectnr«» 
on  BtwdB,  elTflD  at  "  L'Eeo/e  da  I^>nU  tl  CkauseSea."  (tliK  hiEheet  aotborlly  on 
■nchmalleiT  In  France,  and  therefurp  in  ihe  world),  in  which  this  laaC  hypollio- 
■in  is  adopted.  This  remoTes  the  only  obstacle  to  the  »ccepUoce  of  the  princi- 
ple which  ia  here  advocated. 

In  the  models  lllQelrating  Ihe  original  paper.  the»nr(ice»  In  question  were 
formed  by  eilt  ihrtaje,  representing  the  generatinR  lines.  The  Identity  of  Ihe 
p»t  and  third  Hnrflceii,  and  the  disalmilarltrof  the  second,  were  then  eiidenl 
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entirely  abandoned— since  its  errors  are  not  of  Hie  kiDi]  wUicL 
balance  eucb  other  in  tiie  long  ran,  but  are  alnaja  on  tbe  san 
side— since  iH-y  are  committed  loo  willi  a  belief  of  iis  perlect  u 
curacy,  and  tlierefore  in  the  moat  iui[iorlsul  and  delicnlc  cases- 
andsincT  the;  maysometicaes  be  of  seriousmomeut,  the  deficiency 
cf  the  C[6t  example  glTCn  being  more  than  2i  per  cent,  o 
whole  amount  j  no  trifling  item  in  a  class  uf  work  which  on  i 
railroads  is  counted  by  millions  of  yards. 

Case  III. — "  Three  Ceml"  jimund. 

Tliis  ia  ground  « I. use  surface  iaanch  aa  maybe  fiiirly  represenlad . 
by  tbe  cuntre"  level"  and  the  oulaide  "levels,"  (L  0.,  heights  or  depths 
liikcQ  on  the  centra  line,  and  at  liie  "  onlaide  cnttjnga''  or  "  fiHiugs,* 
wbich  are  the  tops,  or  bottoms,  of  each  Bide  elope. 

The  areas  are  obtained  by  dividing  them  into  triangles.  So* 
Figa.  160  and  164. 

A  oommon  jnode  of  calcnlaiing  is  that  of  "  cross  averaging," 
I.  e.,  taking  oiie-fomlh  Ihemmi  of  tlie  outside  heights  and  twice  tlia 
middle  one,  and  using  the  average  as  if  it  were  tliclieighi  of  a  kvd 
triipezoidal  section.  The  areas  tlius  obtained  aK  alwiys  too  ffrtat. 
For  Fig.  100  it  gives  74.83  instead  of  74.64. 

Tlie "  Eiiuivaient  mean  height"  is  often  used,  and  lliere  are 
tfiLles  for  lliis,  hut  this  always  gives  (uo  stuuI!  a  content,    • 

Tlie  true  eouUint  la  given  by  the  PTVunoutM  Rule.     See  page  tSU.  , 

The  height  uf  ibe  grnund  above  the  grade  line  of  the  road  on 
cenire  line  is  called  Ibe  "  centre  cutting;"  and  the  heigbis  &i 
intersection  uf  the  siile-slopes  of  tile  cnllings  with  the  ground  on 
ea.cli  aide  of  any  Hialiun  are  called  the  "  right  cutting"  and  "  . 
culling ;"  ahbre«iiiled  into  C.  U R.  C L.  C. 

In  embanhmenta,  the  corresponding  hniijliia  are  catted  "centre 

kink,"  "  fight  bank,"  and  ■'  left  bank  ;"'  usually  writlen  G.  B 

li.  B L.  B. 

For  greater  accuracy,  these  cross-sections  shouM  be  taken  at 
oveiy  chain  or  less.  If  an  abrupt  change  in  the  level  of  the  ground 
Teqoires  a  levelling  between  these  regular  stations,  it  is  called  an 
"intermediate"  one. 

Tbe  following  table  presents  various  examples  of  irregular  crouB 


[*(P  +  5) 
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h(p'-p-^q'^q)-\-{h'^h)  ip  +  q) 

(P^-t){p'-p+q^-q)     -1 
4-  J-,  X  J 

The  product  of  this  by  dx  being  tlie  differential  q£  the  solid,  the 
required  volume  is, 

Integrating  from  0  to  2,  we  obtain  this  expression, 

Performing  the  operations  indicated  and  factoring,  we  finally  ot^ 
tain  for  the  required  volume  of  the  solid,  this  symmetrical  formula. 

i^[(J+i^(p  +  g)  +  (6'+i6)(p'+0]*.    .    .    .  (3) 

We  now  propose  to  show  that  the  volume  given  by  the  preced- 
ing foi-mula  (3)  is  the  same  as  would  be  obtained  by  applying  the 
familiar  prismoidal  rule  to  the  given  solid. 

The  area  of  the  section  A  =s  i  5  (/?  +  g);  and  that  of  the  section 

The  area  of  the  section  midway  between  a  and  b, 

'K'-VOe-y  *  4-0] 

*  Two  particular  cases  of  this  g^eneral  formula  are  worthy  of  special  notice. 

L^t  the  base  of  the  given  solid  be  a  parallelogram^ 

Then  b—b' ;  and  formula  (3)  becomes, 
V«  I  [V«  ft  (p  +  ?)  +  Va  ft  (P'+  ?')]  /  =ft  /  +  V4  (P  +  fl'  +  !>' +5'0  =  The  product  of 
the  base  of  the  warped  sarflice  prism  by  the  arithmetical  means  of  the  heights  of 
its  four  sammits. 

Let  the  base  be  a  triangle. 

Then  ft'  =  0,  and  p's  g' ;  and  formula  (3)  becomes, 
*/•'  [ft  (P  +  fl')  +  ^P^  ss^/^bl  X  Vs  (P  +  ?  +  PO  =  The  product  of  the  base  by 
the  arithmetical  mean  of  the  heights  of  the  three  summits. 

These  two  formalse  are  also  true  when  the  upper  surface  of  the  prism  is  a 
plane,  since  a  plane  is  only  a  particular  case  of  a  hyperbolic  paraboloid.  They 
thus  give  ftgeneral  proof  of  the  well  known  rules  for  the  content  of  truncated 
prisms,  which  have  triangles  or  parallelograms  for  bases. 
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Fig.  181. 


6.  X  ^  X       4. 

At  BlalioR  4,  duly  two  levels  were  lh*aght  necesaarj,  Tiz.  ihoN 

of  Ihe  outaido  eultings,  without  the  centre  one.     To  find  the  uet, 

cariBider  the  figuie  aa  a  Irapezoid,  minus  Ihe  Tigbl-aogled  trianglea 

ti  each  end. 

2.+ 3, 


Trapezoid  =  (6  +  20  +  4)  > 
Left-hand  triangle 
High  [-hand  triangle  - 


7S. 


a  of  CI 


iS- section, 


A  aijnple  algebraic  espresaion  for  thia  area  may  be  found  tbati  J 
call  the  breadth  of  base  b,  the  outside  cuttings  J  aod  e,  the  ratio  oT  1 
eide-alopes  to  anity  i.     The  area  will  he 

2  3  3 

The  above  example  would  then  be  80  X 


10.  X 

Between  stations  4  and  6,  at  60  feel  from  the  former,  aa  in 

iiate  cioBs-aection  was  made  neceaeary,  by  the 

lut"  on  one  side.     The  area,  Fig.  152,  is  only  Ihe  single 

10  X  1.0  _ 


Ati 


5,  40  feel  farther,  the  cutting  entirel; 
that  point  becomeB  0.     The  embankiuenl  bad 
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area,  obtained  from  the  mean  of  the  outside  deptlis  (i  x  (6  +.  18) 
=  12,  and  i  x  (15  +  12)  =  13.5)  is  391.6. 

Then  the  content  of  the  solid  by  the  prismoidaL  rwfos**  38,850 
cubic  feet^ 

The  same  rule  can  be  applied  directly  to  "  Three-levd  ground,** 
i.  e.y  ground  given  by  cross-sections,  in  which  three  levels  have 
been  taken,  viz.,  one  at  the  centre,  and  one  on  each  side  at  the 
points  where  the  side  slopes  meet  the  natural  surface.  The  middle 
cross-section  being  obtained  from  the  mean  of  the  levels  at  each 
end,  the  prismoidal  rule  can  be  at  once  applied. 

In  the  case  of  " Irregular  erosS'SectionSy*  in  which  the  inequali- 
ties of  the  surface  of  the  ground  have  rendered  it  necessary  to  take 
more  than  these  three  fevels,  the  rule  will  still  apply  after  the  fol- 
lowing preparation.  Conceive  a  series  of  vertical  planes  to  pass 
tlirough  all  the  points  on  each  cross-section,  at  which  the  trans- 
verse slope  of  the  ground  changes,  and  at  which,  therefore,  levels 
have  been  taken,  and  to  cut  the  other  cross-section  so  as  to  divide 
tlie  widths  of  the  two  proportionally . 

Then  the  surfaces  between  these  planes  may  be  regarded  as 
generated  on  our  third  hypothesis,  and  can  therefore  be  calculated 
by  the  prismoidal  rule ;  since  it  has  been  shown  to  apply  to  the 
surfares  of  the  first  hypothesis,  and  these  are  known  to  be  identi- 
cal with  those  of  the  third.  Thus,  considering  the  ground  on  one 
side  of  a  centre  line,  let  one  cross-section  have  depths  of  6.00  in 
the  centre,  and  10.00  outside  cutting.  Let  the  other  end  be  8.00  in 
centre,  12.00  at  four  feet  from  centre,  and  6.00  outside  cutting. 
Let  the  half  width  of  road  bed  be  10  feet,  and  side  slopes  1  to  1. 
Then  the  vertical  plane  passing  through  the  12.00  level,  at  4  feet,  a 
quarter  of  the  whole  width  (10  -i-  6),  from  centre,  should  cut  the  other 
section  at  one-quarter  its  width  (10  +  10),  or  5  feet,  from  centre. 
The  depth  at  this  point  would  be  6  -i-  i  (10  —  6)  =  7.00.  This  enables 
us  to  get  a  middle  area ;  its  depth  being  i  (8  +  6)  at  centre,  i  (12  -»-  7) 
at  H4  +  5)  from  centre,  and  i  (6  -t-  10)  at  the  outside  cutting. 

The  prismoidal  rule  can  now  be  used.  A  similar  preparation  for 
calculating  can  be  applied  to  cross-sections  composed  of  any  num- 
ber of  levels.  The  labor  is  much  less  in  practice  than  it  appeai-s  in 
description. 
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If  the  views  here  presented  should  meet  with  general  accept 
ance,  engineers  would  be  enabled  to  economize  much  time  and 
labor,  since  they  would  no  longer  feel  themselves  under  the  neces- 
sity of  taking  their  cross-sections  so  near  together  that  the  ground 
between  them  should  be  approximately  plane,  but  could  take  them 
as  far  apart  as  the  ground  varied  uniformly,  no  matter  how  mucli 
or  how  far  that  might  be. 

It  is  now  proposed  to  compare  the  results  given  by  this  rule  witli 
those  obtained  by  the  usual  methods,  and  to  establish  formulas  by 
which  the  nature  and  the  amount  of  the  errors  which  these  latter 
involve  can  be  determined  in  advance. 

A  type  of  the  solids  in  question  is  represented  in  Fig.  156,  as  an 
excavation  seen  in  perspective.  Inverted,  it  will  represent  an  em- 
bankment 

To  simplify  the  investigation,  we  will  conceive  the  side-slopes 
to  be  prolonged  till  they  meet,  as  shown  by  the  broken  lines  in  the 
figure.  The  conclusions  at  which  we  may  arrive  respecting  the 
new  solid  thus  produced,  will  apply  equally  well  to  the  original 
one,  since  the  triangular  prism  which  we  imagine  added,  is  com- 
mon to  both  the  solids  discussed,  whatever  hypothesis  we  mav 


Fig.  156. 


P^^ 


VI     _        1^^' 

<"  5"P   X  "  s"^ 
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adopt  respecting  their  upper  surfaces.  The  additional  depth  is 
equal  to  the  bottom  width  divided  by  twice  the  i-atio  of  the  base 
of  the  side-slopes  to  their  height,  or  to  6  -f-  3  «,  in  the  usual  sym- 
bols. We  will  suppose  the  original  outside  depths  j9,  q,  p\  (f  ^  of 
the  end  sections,  to  be  increased  by  this  quantity,  and  will  call 
these  new  depths,  P  and  Q  for  one  section,  and  p'  and  q'  for  the 
other. 
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Then  the  area  of  the  triangle  which  forms  one  end  of  the  new 
solid,  is  the  difference  between  the  trapezoid  whose  parallel  sides 
are  p  and  Q,  and  the  two  triangles  which  have  P  and  Q  for  their 
altitudes,  and  8  p  and  8  q  for  their  bases,  and  is 

i(P  +  Q)x(«P  +  «Q)  —  iPX«P— iQX«Q  =  «PQ. 

Similarly,  the  other  end  area  is  «  p'  q'.  The  middle  section  will 
have  the  outside  depths,  i  (p  +  p^  and  i  (q  +  q')-  Consequently 
Its  area  is 

«  X  i  (p  +  pO  X  i  (Q  +  qO  =  i  «  (i*  +  pO  X  (Q  +  Q')* 
The  true  content  of  the  solid  under  consideration  will  then  be 

il[8  p  Q  +  «  p'  Q'  +  4  X  i  « (p  +  p')  X  (q  +  q')] 

=  i«?(2PQ  +  2p'Q'  +  PQ'  +  p'q) (1) 

We  are  now  prepared  to  compare  with  this  correct  result  those 
given  by  each  of  the  usual  methods  of  calculation. 

I.  The  method  of  **  averaging  end  areas^*  will  first  be  examined. 
This  considers  the  content  of  the  solid  to  equal  the  product  of  the 
half  sum  of  its  end  areas  by  its  length ;  i.  d,  using  the  same  sym- 
bols as  above, 

iiC^PQ  +  ^p'QO.    .    .    .  .    .    (3) 

The  excess,  if  any,  of  the  true  content  above  this,  will  therefore 
be  obtained  by  subtracting  (2)  from  (1).  It  is  found,  after  a  little 
Tbduction,  to  be 

i  « 2  (p  Q'  +  p'  Q  —  p  Q  —  p'  q') (3) 

The  value  of  this  expression  is  not  changed  by  cubstituting  in  it 
the  original  depths  for  the  increased  depths  (owing  to  its  sym- 
metrical character),  and  it  then  becomes, 

islipq'  +p'  q-pq-p'q^ (b') 

We  infer  from  this  formula,  that  the  true  content  exceeds  the  content 
given  by  **  Averaging  end  areai''  whenever  pq'-¥p'q>pq+p'q'; 
i,  c,  whenewr  the  sum  of  the  products  of  the  pairs  of  depths  (or 
heights)  diagonaO/y  opposite  to  each  other ^  is  greater  than  the  sum  of 
th£  products  of  those  belonging  to  the  same  cross-section.  When  the 
former  sum  is  the  smaller,  then  the  true  result  is  the  smaller.  The 
two  sums  are  the  same,  and  the  results  therefore  equal,  only  when 
p  =  p^  OT  q  =  q';  i,  e.,  when  the  depths  on  one  or  the  W)ther  side 
of  the  solid  are  the  same. 

It  is  so  well  known,  however,  that  the  method  of  "  averaging 
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end  arent"  ofiMyt  gives  more  than  the  tme  content  of  a  pnmxA 
(siich  as  a  tapering  ttidc  of  timber,  a  mill-hopper,  etc.),  that  titeic 
seems  at  first  glance  an  apparent  inconsistency  in  the  ahore  state- 
ment The  dlfiBcoltj  is  removed,  however,  by  the  conslderatkm 
that  our  warped-sorfice-solid  is  not  a  prismoid,  although  it  k  to  be 
calcolated  by  the  prismoidal  role.  A  somewhat  analagoai  case  is 
that  of  a  sphere,  to  which  the  prismoidal  rale  also  applies,  as  shown 
in  an  ingenious  paper  by  Mr.  Ellwood  Morris. 

IL  The  method  of  *'  Middle  areas"  will  next  be  taken  up.  This 
assumes  the  content  to  be  equal  to  the  product  of  the  area  of  the 
middle  cross-section  of  the  solid  bj  its  length.  This  content  will 
therefore  be  expressed  in  our  symbols  thus : 

i  « I  (p  +  p')  X  (q  +  Q'). (4) 

Subtracting  this  from  the  true  content  (1),  we  obtain,  after  i 
litUe  reduction,  for  the  excess  of  the  former, 

iSr^UPQ  +  P'q'-pq'-F'Q). (5) 

For  the  reasons  betbre  given  this  may  be  written  thus : 

^•Hpq-^P'  ^-P^-P'  q). (51 

Comparing  this  expression  with  (3'),  we  see  that  we  have  merely 
to  reverse  the  deductions  there  established ;  and  that  this  method 
will  give  results  too  small  when  the  preceding  method  gave  them 
too  great,  and  tdce  term. 

The  absolute  error,  however,  will  be  only  half  so  great ;  the  co- 
efficient in  (5')  being  only  one-half  so  great  as  that  in  (3'). 

III.  The  method  of  **  Equivalent  mean  heights"  (or  depths)  is 
now  to  be  e;camined.  It  consists  (as  is  well  known  to  engineers) 
in  conceiving  the  given  solid  to  be  transformed  in  such  a  way  that 
its  top  surface  shall  be  a  plane,  everywhere  level  crossways  at  right 
angles  to  the  length,  and  that  the  areas  of  the  ends  (which  have 
then  become  level  trapezoids)  shall,  at  the  same  time,  be  equivalent 
to  the  original  areas.  The  method  then  assumes  that  the  content 
of  this  new  solid  (which  is  a  tme  prismoid)  is  equal  to  the  original 
content  of  the  real  sidelong,  warped-surface-solid. 

This  is  the  method  which  it  has  long  been  customary  to  employ 
when  perfect  accuracy  was  desired ;  and  most  of  the  tables  and 
diagrams  for  sidelong  and  irregular  ground  are  constructed  on 
tiiis  hypothesis.  The  question  of  its  correctness  is  therefore  an 
important  one. 
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In  Fig.  157,  let  A  B  c  D  be  one  of  the  original  end  areas  oi 
cross-sections,  and  let  b  f  o  D  be  an  area  equivalent  to  it,  but 
level  on  top,  if  in  ex-  -g^^  15Y 

cavation,  as  here,  or 
level  at  bottom,  if  in 
embankment,  k  h,  the 
depth  of  this  new 
cross-section,  is  called 
the  '*  Equivalent  mean 
depth"  (or  height)  of 
the  original  cross-sec- 
tion. We  have  first  to  obtain  an  expression  for  it,  in  terms  of 
the  original  side  depths. 

The  investigation  will  be  much  simplified  by  the  same  concep- 
tion as  before,  viz.,  by  producing  the  side  slopes  till  they  meet,  and 
calling,  as  before,  the  new  outside  depths  p  and  q.  The  height, 
K  L,  of  the  triangle  e  F  L,  is  what  is  now  wanted.  The  area  of 
A  B  L  was  found  on  page  375  to  be  «  p  q.  Then  the  area  e  f  l 
=  i  X  KL  X  bf=«kl',  being  equated  with  s  P  Q,  we  obtain 

The  equivalent  mean  heights  for  the  two  end  areas  will  then  be 
/\/pQ  and  /y/p'  Q'  ;  and  ^6  middle  equivalent  mean  height  will  be 
their  arithmetical  mean.    The  corresponding  middle  area  will  be— 

Using  this  middle  area  and  the  given  end  areas  in  the  pris- 
moidal  rule,  we  obtain,  as  the  content  of  the  solid  by  ^his  method, 

=  i«^r2PQ +  2p'q' +  2 -v/pqiFq^  V    .     .    .    (6) 

Subtracting  this  from  the  true  content  (1),  we  find  the  excess  of 
the  latter  is,  when  reduced, 

i«z(V'?Q'- Vp^) (7) 

This  expression  is  always  positive,  whatever  the  value  of  p,q,  p', 
and  q',  with  a  single  exception,  when  p  q'  =  p'  q.  Hence  we  have 
arrived  at  this  result :  The  method  of  **  equivalent  mean  heights*^ 
ffites  conteniM  cUways  less  than  the  true  content ;  with  one  exceptio 
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Tis.,  wbeu  the  prodacU  of  the  p^An  of  heights  diagonally  oppooto 
to  each  other  are  eqoaL 

IV.  Some  engineers  haTe  oonodyed  the  snrfiuse  o^the  ground 
lyinj;  between  two  snch  croes-flectiona  as  we  have  been  discoasiDg, 
to  l)c  formed  by  two  triangnlar  planes  meeting  in  a  line  numing 
diagonally  from  p  to  g',  or  from  j/  to  q  (see  Fig.  156),  and  than 
forming  a  ridge  or  a  hollow  situated  in  this  line.*  But  such  case§ 
would  be  abnormal  ones,  and  such  ground  would  not "  yaiy  ani- 
furmly**  between  the  croes-sections.  We  will,  however,  ezanune 
tlii9  conception,  as  it  will  lead  ns  to  some  interesting  resalts. 

We  will  begin  by  supposing  the  solid  to  be  bounded  on  its  ndes 
by  vertical  planes  passing  through  the  outer  side-lines  of  its  sur- 
face, and  to  have  its  base  pass  through  the  line  in  which  the  pro- 
longed side-slopes  would  meet,  so  that  the  heights  of  its  comers 
will  be  p,  q,  p',  q',  as  in  the  preceding  discussion. 

Let  now  the  diagonal  be  conadered  to  run  ttom  the  left-hAnd 
comer  of  the  nearest  end  of  the  solid  to  the  right-hand  comer  of 
the  farther  end ;  say,  from  the  height  P  to  the  height  q^  We  now 
have  to  get  the  middle  area.  The  middle  height  of  the  diagonal 
=:i  (p  +  Q).  The  middle  width  of  the  left-hand  side  of  the  solid 
= i  («  p'  +  «  qOi  «^nd  the  middle  left-hand  height  =  ^  (p  +  p^  The 
middle  left-hand  area  is  therefore — 

i  X  i(«p'+«Q')  X  i(P  +  q'+  P  +  PT. 

Similarly  we  get  the  middle  right-hand  area — 

=  i  X  i(«p  +  sq)  X  i(P  +  q'  +  Q  +  Q')' 

The  sum -of  these  two  areas  gives  the  complete  middle  area. 
From  it  deduct  the  areas  of  the  triangles  on  each  side  of  the 
original  solid.  The  left-hand  one  has  its  height  =  i  (p  +  p'),  and 
its  base  «  times  that,  and  the  right-hand  one  has  its  height  ^  k 
(Q  +  QO)  ^^^  its  base  8  times  that.  Using  the  middle  area  thus 
obtained,  with  the  end  areas,  in  the  prismoidal  rule,  we  obtain  the 
content  of  the  solid  on  the  new  hypothesis.  Its  expression  may  be 
reduced  to  the  following : 

itf^CPQ+P'Q'  +  PQO (8) 

Subtracting  this  from  the  trae  content  (1),  we  get  for  the  excess 

of  the  latter. 

isl(T'q-Tq:) ^) 

*  See  Mr.  J.  B.  Ui'nckV  very  valuable  ''  Field  Book  for  Railroad  Boj^nvers  ** 
'••ffelOO. 
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If  we  next  suppose  the  diagonal  to  run  in  the  other  direction, 
{'.  e.,  troni  q  to  p',  we  shall  find  the  excess  of  the  true  content  then 
to  be, 

iW(PQ'-P'Q) (10.) 

Hence,  we  infer  that  t?ie  error  an  eitTier  hypothesis  is  numerically 
ths  same  ;  though  on  one  in  excess  and  on  the  other  in  defect ;  hut  thai 
the  true  content  is  the  greater  when  the  product  of  the  heights  whicfi  the 
diagonal  joins  is  less  than  the  product  of  the  otlier  two  heights  ;  and 
nice  versa* 

Some  examples  will  show  the  practical  bearings  of  the  principles 
which  have  now  been  established. 

Example  1.  We  will  begin  with  the  solid  represented  in  Fig.  156. 
It  is  an  exact  excavation  a  hundred  feet  in  length,  all  the  dimen- 
sions being  given  in  feet  Its  nearer  end  has  the  outside  cuttings, 
j9  =  6,  and  g  =  15 ;  and  its  farther  end  has  the  outside  cuttings, 
p'  =  18,  and  $'  =  12.  The  bottom  width  is  18.  The  side-slopes 
are  1  to  1.  The  areas  of  the  ends  are  279  and  486.  The  middle 
area,  obtained  from  the  mean  cf  the  outside  depths,  is  391.5.   Then 

•  This  admits  of  the  following  geometrical  proof:— 

Let  AB  0 D  be  the  surface  in  question.  Consider  it  to  be  formed  by  two  tri- 
angular  planes,  a  bo,  ado,  meeting 

in  A    c.     Conceive  also  a  vertical  /    |  N^^v^I" 

plane  to  pass  through  a  c,  a'o',  thus 
forming  two  truncated  prisms.  Next 
consider  the  surfEice  to  be  formed  by  ^ 
planes  meeting  in  B  d,  and  conceive 
another  vertical  plane  to  pass  through 
B  D,  B*  d'.  Two  other  truncated  prisms 
are  thus  formed.  Now  conceive  a 
plane  parallel  to  a  b  and  d  c.  It 
will   cut  the    four    planes    of    the 

hypothesis   in  lines  parallel   to  ab    "^  Fie^BS^ 

and  D  c,  and  wUl  thas  form  a 
parallelogram  11'  1"  V".  The  diagonal  11"  divides  the  lines  a  d,  b  c,  pro- 
portionally (as  follows  fi-om  the  similarity  of  the  triangles  formed),  and  is 
therefore  a  generatrix  of  the  warped  surface  which  lies  between  the  two  pairs 
of  planes.  But  this  diagonal  of  course  bisects  its  parallelogram ;  the  same  is 
true  of  any  other  generatrix ;  consequently  the  surface  which  they  form  is  every- 
where midway  between  the  surfaces  of  the  two  pairs  of  truncated  prisms,  and  la 
therefore  equal  to  half  their  sa  n. 
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Fig.  105. 


Let  a  le^reeenl  itiB  given  area ;  b  itie  breadth  of  base  or  re 
bt-d :  3,  i}ie  ratio  of  siiie-elopea  to  unity  ;  and  x  the  mean  bei 
required. 

Then  a  ^  sx'  +  bx ;  bj  solving  which  equation  we  obtain 


At  El 


II  3,  (p.  385)  a  =  74.6   . 


=  «,C-H  +  .)— , 


V6a.3  —  6  =  7.89  —  5^a.8Q.     If  this  mean  height  be  verified, 
will  be  found  to  produce  the  original  area.  Thus  subBlituUng  it  ia  ilH- 
obore  expression  fur  a,  we  obtain  2  X  S.89'+20X  2.89^74.0. 

A  aiioilar  proueas  will  give  the  mean  heiglita  for  the  retmuning 
L'roas-Bectiona.     They  mny  then  b«  employed,  .ia  were  the  onifonB 
heights  in  the  original  examples,  to  find  the  middle  iieights,  a 
tbenue  the  middle  areas  required  by  the  pristnoidal  formula; 
as  the  rallies  of  g  and  k  in  the  easier  formuls,  wbich  have  be 
iberefrum  deduced. 

In  most  caeee,  it  will  be  sufficiently  accurate  to  lake  only  ihi 
levels,  viz.,  at  tlic  centre,  and  at  the  foot,  or  top,  of  eacli  8 
The  "  Eqvivulent  mctn  lieigkl"  can  be  iJien  oblaioed  direcliy  by  a  r 
markably  Eitnple  espression,  wilhoul  pravionsly  calculating  ll 
area.  Let  e  =  the  cut  or  &I1  at  the  centre,  and  p  and  q  the  outsit 
cuttings  or  fillings.  Find  the  espreasiou  for  the  area,  and  pul 
equal  to  «x*+£z,  as  above,  and  the  foUowinj;  expression  will  I 
obtained  for  the  value  of  llie  mean  height! 


/("P  +  C7  +  ft)(ft  +  3*e)-ft- 


When  the  "  distaaces  out 
Kbore  exprestion  becomes 


e  given,  calling  tlieui  d  and  <f , 


/(<i  +  d')(&+27^)- 
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same.  The  new  end  area  is  567,  and  the  true  content  becomes 
42,300  cubic  feet.  But  q  =  q\  Therefore,  according  to  the  prin- 
ciples establislied  on  page  378.  the  method  of  "  Averaging  areas" 
should  give  the  same  result,  and  it  does  so.  So  too  with  the 
method  of  "Middle  areas."  The  method  of  "Equivalent  mean 
heights,"  however,  still  gives  too  little,  because  p  x  q'  is  not  equal 
to  p'  X  Q.  On  making  the  calculation  (the  equivalent  heights  being 
9.97366  and  13.21475),  we  get  a  content  =  41,600  cubic  feet,  or  700 
cubic  feet  too  little  ;  and  formula  (7)  gives  the  same  result. 

Example  4  In  another  warped  surface  solid,  let  one  end  area 
have  depths  of  15  on  the  left  and  5  on  the  right,  and  the  other  end 
be  6  on  the  left  and  15  on  the  right  Let  the  breadth  of  road  bed 
be  20  feet,  and  the  side  slopes  2  to  1.  The  tnie  content  will  be 
38,333  cubic  feet  The  "  Averaging  method"  gives  35,000  cubic 
feet ;  U)0  little  by  formula  (3'),  because 

5  X  5  +  15  X  15  >  15  X  5  +  15  X  5. 
The  "  Middle  area"  method  gives  40,000  cubic  feet,  an  error  in 
excess  of  half  the  amount  of  the  precedmg  deficiency.  "  Equiv- 
alent mean  heights"  give  35,000  cubic  feet ;  not  enough,  because 
p  X  q',  or  20  X  20  (adding  20  -*-  2  x  2  to  the  given  depths)  is  not 
equal  to  p'  x  q,  or  20  x  20. 

Example  5.  Reverse  one  of  these  sections  so  that  both  may  be  15 
on  the  left,  and  both  be  5  on  the  right  The  surface  is  then  a 
plane,  and  the  solid  is  a  prism  with  a  uniform  section  of  3500 
square  feet  For  this  solid  all  the  methods  give  the  same  content ; 
and  this  is  a  final  corroboration  of  our  formulas.  The  "  Averag- 
ing" method  is  now  correct,  because  p  =■  p\  each  being  15,  or 
because  5  =  2^,  each  being  5.  The  "  Middle  area"  method  is  correct 
for  the  same  reason.  The  method  of  "  Equivalent  mean  heights** 
is  now  correct,  because  now  p  Q  =  p'  <j. 

The  method  of  "  Equivalent  mean  heights"  which  the  preceding 
investigation  most  particularly  affects,  seems  to  have  been  in- 
troduced by  Telford,  and  has  since  been  adopted  without  question 
by  most  writers  (the  present  one  included),  when  perfect  accuracy 
was  desired.  The  difficulty  has  been  the  want  of  any  better 
standard  than  itself  with  which  to  compare  its  results.  But  if  the 
positions  which  the  writer  endeavored  to  establish  in  the  first  part  of 
this  paper  be  accepted  as  correct,  this  method  should  be  at  once  and 
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on  Ihe  finished  work)  exactly  over,  or  tmder,  Hie  first  set  Then 
find  llie  area  of  such  cross- section b  uliove  ao- 
aiid  lake  ihe'tt  difference.  The  corresponding  levela  might  be  found 
hy  proportion. 

When  Ibe  ground  is  verj  irregular  and  great  accaracy  Is  r» 
quired,  its  surface  may  be  divided  into  rectangles  or  equares.  and 
lovela  taken  at  eatli  comer  of  Iheee  before  the  cutting  or  filling  h 
mnde.  The  original  bnse  hnea  are  axes  of  ordinalcs,  and 
i\illy  preacrved.  After  the  work  has  been  done,  levels  are  ag^ 
tQkeu  at  the  same  points.  Then  the  difference  of  tlie  two 
levels,  taken  at  these  points,  wUl  be  the  depth  of  the  cutting,  or 
teiglit  of  the  filling.  Thecontent  can  then  he  calculated,  eillierl 
combining  the  successive  cross-sectlona,  or  hy  the  metliod  of  tni 
caled  prisma. 

When  tiie  ground  ie  Teiy  irregular  in  plan  and  in  belgbts, 
in  the  case  of  foundation  pits,  etc,  the  method  of  croas-sectioDi 
cannot  be  ciinreniently  or  completely  applied.  Then  tbe  mass  o£ 
earUi  which  is  to  be  removed  (or  added)  must  be  conceived  to  tM 
divided  by  various  vertical  planea  into  prisma  generally  truocale^ 
or  pyramids,  and  calculated  by  the  familiar  rules  of  mensoifttko. 

Case  T. — Mxcavaiion  and  BmhanloTient  on  Cwvet, 
Since  the  distances  are  measured  along  the  centre  line  of  a 
on  curves  as  VFell  as  on  straight  lines,  the  calculation  of  tliu 
lenlfi  will  not  be  correct  when  the  ground  is  not  level  transverae^ 
Wlien  the  cross-sections  are  taken  at  right  angles  to  Ute  cbords  c 
the  cnrves,  as  is  uiual,  the  content  will  be  too  great  on  the  coucai 
side  of  the  curve,  and  loo  little  on  the  convex  side.  Tbe  two  bi 
ance  each  other  only  on  level  ground. 

If  the  sections  be  measured  at  light  angles  to  the  laogents  at  il 
points  where  Utey  are  taken,  the  rcaults  will  be  more  nearly  ca 

The  theorem  of  Guldinus  applies  here,  i.«.,  "The  content  of  sa|'^ 
body  of  revolution  equals  its  generating  cross-section,  mullifillej 
by  the  length  of  the  path  passed  over  by  its  centre  of  gravity." 

The   following   formula  for  the  correction, 
Gurres,  ig  from  Henck's  Fidd  Boolt,  hxL  180: 
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aootiuDB      The  slope*  are  iuaumed  Eo  be  S  to  I,  and  ihs  width  of 
the  road  to  b^  30  feet. 
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We  will  proceed  to  sketch  and  note  each  cross-sec  lion,  writing 
each  height  vertically  in  its  appropriate  place,  and  show  how  ita 
area  is  obtained  by  diriding  it  into  triangles,  of  which  the  base  and 
height  are  kaown. 

At  station  1  the  cutting  begins,  with  an  area  =  0. 
Fig.  159. 


^: 


At  station  S,  Fig.  ISO,  the  section  is  of  uniform  depth,  and  it 
is  bimply  CSO  +  3  X  8)  X  S.0  =  46. 

Rg  160. 

S  »  ' 


A  Btation  3,  Fig.  160,  the  lower  lefl-hand  tt 

The  Ibwer  right-hand  triangle  =  — - — '—  =;  1 

—.     ^            .....              3.6X  (6+10+10+6.8)      , 
The  nio  remsiiiing  mangles  =      ■'— l-^ ■ =4 

The  entire  area  therefore     -         -         -         ^7 
24 
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lOOATioir  or  aoADS. 

1.  Planning  the  Boats. 
The  tme  bearing  or  azimuth  of  one  place  from  anoQier,  K 
tbe  laiitade  and  lODgitude  of  each  arc  given,  can  he  fnund  b; 
spherical  trigonometry.  Eat  if  the  two  plaeea  be  very  distant,  Iht 
"  I'liumb"  or  Insodrotoic  line  between  tliero,  i.  e. ,  tbe  line  harini 
the  same  bearing  thronghout  ita  leogtl>,  will  not  be  the  sborlel 
diatauce.  I'hu  arc  of  tbe  great  circle  pasaiug  Uirough  the  pointl 
must  then  be  adopted.  Its  bearing,  t,  e.,  the  angle  which  it  mab 
with  the  meridians  which  it  crosses,  will  be  conalant'y  changini 
Thus,  if  one  point  be  dae  west  ttom  aDother,  Ihe  east  &nd  wa 
line, !.  «.,  the  parallel  connecting  them,  is  not  the  shortest  line  bi 
Iween  them.  For  eiample,  calling  San  Francisco  due  v 
St  Louis,  the  eborteet  line  between  Ibem  l);  an  arc  of  a  great  ci 
is  about  9  miles  shorter  than  the  due  west  line  following  tbe  p 
allel  ni  lalitude,  and  runs  about  70  miles  north  of  Ihis  panlld 
A  siuiilar  difference  exists  for  every  other  line  exct'pt  a 


For  theBO  reasons,  in  planning  along  route,  Uie  position  of  point 
silualed  on  the  arc  of  a  great  circle  connecting  the  eitreinltii 
should  be  delertnineil  in  advance  bjcalculiiling  their  lalltud«  ai 
longitude.  It  would  usually  be  impossible  to  follow  tills  liDo  pt 
feclly,  but  it  should  be  approximated  to  a"  far  as  possible,  u 
dune  for  a  straight  line  for  short  distances,  as  oo  page  89, 

Other  considerations  cause  the  line  of  a  railroad  to  ilevii 
IVoni  the  shortest  line,  as  in  common  roads,  in  order  to  obtain  giM 
grades,  moderate  cuttings  and  fillings,  an^  to  pass  through  ccrla 
ruling  points  on  the  line. 
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10. 


oi 


With  area  0  at  the  preceding  intermediate  station,  and  at  this  sta- 

10  X  2 
non  its  area,  Fig.  153,-i8  — - —  =  10. 

At  station  6,  the  cross-section  resembles  that  at  station  3,  ip« 

Fig.  164 
6        X        10.  X        10.        X  13. 


CO 


verted,   and  is  calculated   in   the  same  manner  by  division  into 
uiangles,  as  is  shown  in  Fig.  154. 

Left-hand  triangle 
Right-hand  triangle      -    t 
Two  remaining  triangles  = 


2 

«=■ 

15. 

10  X  6 
2 

= 

30 

4X  (6+10+10  +  12) 

76. 

Entire  area,         -        -        -        -        ss  121. 
At  station  7,  the  ?mbankment  runs  oat,  and  the  area  &»  0. 


MEAN    HEIGHTS. 

To  apply  the  prismoidal  formula  to  cases  of  irregular  cross-seC' 
iions,  it  is  necessary  to  calculate  the  mean  heights  of  these  cross- 
sections,  to  be  subsequently  averaged  together  to  find  the  middle 
height,  which  produces  the  middle  area.  The  following  problem  is 
therefore  to  be  solved  :  Given  the  area  of  any  irregular  section,  re- 
quired the  mean  height  which  would  produce  the  same  area,  the 
base  and  slopes  remaining  the  same. 
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Let  a  represent  the  given  area ;  b  the  breadth  of  base  or  rotd- 
bed ;  St  the  ratio  of  aide-slopes  to  anity ;  and  x  the  mean  heigb 
required. 

Then  a  ib^  sa^  •{•  bx ;  by  solving  which  equation  we  obtain 

In  all  the  preceding  examples,  ;--  =  - — -  =  5. 

At  station  3,  (p.  366)  a  =  74.6  .•.«  =  -/  ^^  4.  5*  ^  .  5. 

^62.3  —  5  as  7.89  —  5  =  2.89.  If  this  mean  height  be  Terified^it 
will  be  found  to  produce  the  original  area.  Thus  substituting  it  in  the 
above  expression  for  a,  we  obtain  2  X  2.89'  +  20  X  2.89=  74.6. 

A  similar  process  will  give  the  mean  heights  for  the  remaining 
cross-sections.  They  may  then  be  employed,  as  were  the  uniform 
heights  in  the  original  examples,  to  find  the  middle  heights,  and 
ihenee  the  middle  areas  required  by  the  prismoidal  formula;  or 
as  the  values  of  g  and  h  in  the  easier  formulae,  which  have  been 
therefrom  deduced. 

In  most  cases,  it  will  be  suflBciently  accurate  to  take  only  three 

levels,  viz.,  at  the  centre,  and  at  the  foot,  or  top,  of  each  side  slope. 
The  **  Equivalent  mean  Jieight"  can  be  then  obtained  directly  by  a  re- 
markably simple  expression,  without  praviously  calculating  the 
area.  Let  e  =  the  cut  or  fill  at  the  centre,  and  p  and  q  the  outside 
cuttings  or  fillings.  Find  the  expression  for  the  area,  and  put  it 
equal  to  ««*+&«,  as  above,  and  the  following  expression  will  be 
obtained  for  the  value  of  the  mean  height : 


=/< 


\8p  -^  8q  +  b)ib  +  28e)  -^b. 


2s 

When  the  "  distances  out*'  are  given,  calling  them  d  and  </ ,  tiiP 
aboye  expression  becomes 

**=r 2i 
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Case  IV. — IrreguUxr  ground. 

This  is  ground,  such  that  its  cross-section  requires  more  than 
three  heights  to  be  taken  in  order  to  represent  its  tnuisverse  pro- 
file coiTectly. 

Usually,  the  area  of  such  a  cross-section  is  considered  to  be  di- 
vided' into  triangles,  whose  bases  and  i)erpendiculars  are  known, 
and  are  always  hoiizontal  and  vertical,  and  the  sum  of  their  areas 
gives  that  of  the  whole  cross-section. 

The  triangles  are  usually  taken  in  pairs,  as  far  as  possible,  the 
vertical  heights  being  taken  as  the  bases,  and  the  hoiizontal  dis- 
tances as  the  perpendiculars.  The  sum  of  the  products  are  divided 
bj  2  instead  of  dividing  each  product  separately. 

For  example,  in  Fig.  166,  commencing  on  the  left,  the  small  tri- 
angle has  6  for  a  base  and  4  for  a  perpendicular.  The  next  verti- 
cal, 5.4  is  a  common  base  for  the  triangles  whose  perpendiculars 
are  13  and  6.  The  next  pair  has  a  common  base  of  8.8,  and  the 
sum  of  the  perpendiculars  is  16.   So  on  for  the  whole  cross-section. 


Fig.  168. 


8 


X    5    X    6     y      10         X        13 


6 

X    4 

s= 

20.0 

6.4 

X  19 

= 

102  6 

8.8 

xl6 

= 

182.8 

8.0 

x22 

= 

66.0 

6.2 

X  19 

:= 

117.8 

8.2 

x21 

= 

67.2 

6.0 

X    2 

2') 

12.0 

518.4 

259.2 

These  end  areas  are  then  usually  averaged  to  get  the  content 

of  the  mass  between  them.    The  correct  method  is  given  on  p.  358 

Sometimes  it  is  impossible  to  take  the  second  set  of  levels  (those 


394  Affsndtx  b. 

In  order  to  aacertaia  tlie  most  ecnQomical  line,  we  must  detaiv 
mine  wlist  additional  diBtancea  the  eurvea  or  grades  Sire  cqiUTali 

Then  the  Hum  of  these  distances  being  added  to  the  meunraj 
distance  of  the  several  lines  will  gire  tbeir  equated  lengths.  Thert 
are  to  be  used  in  calcalattng  the  coat  of  working  the  road  and  tba 
Kiditional  capital  to  which  this  is  equivalent. 

In  the  following  example,  to  equate  for  grades,  we  wOl  call  each 
S4'  ascent  equivalent  to  1  mite  additional  in  length,  and  will 
sider  1000°  of  cuiTature  equivalent  to  1  mile  of  distance.    To 
obtain  Ihe  data  for  the  later,  the  length  of  each  carve   in   chains 
is  multiplied  by  tUe  degree  of  the  curve,  and  the  anm  of  all  th< 
products  gives  the  total  curvature  of  the  line.    Thus: 


No.  or 

cnrye. 

Udiat. 

„^.. 

LragtlL 

^^». 

1 

a 

1146 
5780 

5° 
1' 

1000 
4fl00 

60' 

Eian^e. — Line  A  has  5  miles  34'  grade,  6  miles  12'  gmde,  and 

lolal  eurvature  ~  4000°.  Line  B  has  10  miles  48'  grade,  10  milea  34' 
prade,  and  total  curvature  =  1000°.  The  expenses  of  maintaining 
the  road  varies  with  the  travel  on  it  Call  it  flOOO  annually  per 
nile  of  actual  length,  and  find  the  equivalent  capital  at  6  per  cenL 
The  expense  of  working  also  varies  wJUi  the  ti'aflc  It  is  pro- 
portional lo  the  equaled  lengtli.  We  will  call  it  $2000  per  mile  of 
tliis.  Find  its  equivalent  capital  The  last  column  Is  the 
of  the  three  preceding  columns. 


C4000000 
$3600000 
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Let  c=:  centre  height,  A  :=  greatest  side  hdght,  V^  least  side 
height,  c2  =  greatest  distanoe  out,  <f=:  least  distance  oat,  b^ 
breadth  of  road-bed,  and  £= radios  of  cuive*  to  find  the  oorrec- 
tion,  O. 

This  correction  is  to  be  added  when  the  highest  ground  is  on 
the  convex  side  of  the  curve,  and  subtracted  when  the  highest 
ground  is  on  the  concave  side. 


TABLES 

FOR   CALCCLATING   EXCAVATION   AND   EMBANKMENT. 

The  Tables  at  the  end  of  this  volume  are  extracted  from  those 
of  Sir  John  Macneili,  referred  to  on  page  368.  The  numerals  at 
the  top  and  side  of  each  table  represent  the  depths  or  heights  of 
Che  cutting  or  filling  at  its  ends.  The  numbers  in  the  body  of  the 
Cable  indicate  the  number  of  cubic  yards  for  the  corresponding 
depths,  and  for  a  longitudinal  distance  of  1  foot.  Thus,  if  the 
slopes  of  a  given  cutting  be  i^  to  i,  the  base  20  feet,  the  depths  at 
the  two  ends  3  and  5  feet,  and  the  distance  between  them  100  feet, 
find  in  Table  I.  the  numeral  2  in  the  side  column  ;  follow  out  the 
horizontal  line  corresponding  to  it  till  it  meets  the  vertical  column 
under  the  numeral  5  in  the  top  line.  At  the  intersection  is  3.31, 
the  cubic  yards  for  a  distance  of  1  fooi.  Multiply  this  by  100,  and 
the  product  is  the  number  of  cubic  yards  required. 

The  use  of  such  Tables  is  limited  by  the  inconvenience  of 

making  them  voluminous  enough  to  embrace  every  variety  of  slope, 

base,  and  depths,  (though  the  fractional  numbers  wanting  may  be 

interpolated)  but  in  the  cases  to  which  they  apply,  they  unite  the 

advantages  of  greatly  lessened  labor,  and  increased  accuracv* 
If  much  work  is  to  be  done  for  any  base  and  side  slope,  not 

found  in  the  tables,  labor  is  saved  and  accuracy  increased  by 

cal;*ulating  one  for  them. 
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RAtLKOAIl  CCKVKB 

A  RATUioAii  curve  is  a  portion  oi  the  road  curved  hfoixonttSj, 
BO  BH  to  forni  an  arc,  usuall;  ciicular,  terDunaUng  al  each  end  !■ 
etraiglit  portionB  which  are  tangent  to  it 

A  railroad  curve   is  "detewniTWd"  wiien  its  starting  point,  !■ 
radios,  and  its  length  wp  known.    When  Uiese  have  been  obtained^ 
poiDts  in  tlie  curve  can  be  fixed  in  various  ways.     Such  polnta 
angles  ofa  polygon  whose  sides  are  clinrds  (irtliodesired  arcs, 
approximately  coincide  wilb  them. 

Usually  these  diords  are  chains  of  one  hundred  fnet,  and 
angle  in  degrees  which  c«ch  one  subtends  at  llic  centre, 
Uie  "  degree"  of  the  curve.  It  equals  the  angle  of  deflection  of  ei 
of  these  chords  fl'om  Uie  preceding  one.  The  relation  betwi 
this  angle  and  the  radius  ia  important 

Approximately,  and  sufficiently  near  for  the  usual  curves,  i 
angle  of  deflection  in  degrees  =  5T30  -f-  radius  in  feet 

Frecieely  ;  Sineofhalf  the  degree  =  — ; ,.   ■. 

"  "  twice  radiUB 

The  subject  is  divided  into  two  parts  ; — 

PART  1. 
GusEKAL  PnOHt-Eiia  ON  Cubveb;  or  how  to  deiermine  s  cm 
BO  that  it  shall  I'utflll  certnjn  conditions,  e.  g., 

A.  To  unite  two  given  langente. 

B.  To  start  from  a  given  tangent  and  pass  through  a  gii 

C.  To  unite  a  given  tangent  line  and  a  giren  curve,  etc.,  eta. 

PART  IL 
Methods  of    HnNNnio  Cdbveb  when  detervikeDi    i. 
methods  for  Oiing  points  in  them ;  and  transforms tlons  of  the  I 
mulas  of  Pnrl  I,  to  suit  these  dilTcrcnt  mellioda. 
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It  is  usually  best  to  follow  tlie  valleys  of  the  water-courses  lying 
nearest  in  the  direction  of  the  required  line,  and  in  passing  from 
one  valley  to  another  to  select  that  pass  which  can  be  reached  by 
the  most  uniform  grade. 

2.  Beconnoissanet  and  Prdiminary  Sui'vey. 

For  long  distances  this  may  be  executed  by  determining  the  lati- 
tude and  longitude  of  the  ruling  points  with  a  sextant  and  chrono* 
meter,  and  determining  the  heights  by  a  barometer. 

For  shorter  distances  the  reconnoissance  is  conducted  as  explained 
on  pp.  81  to  86,  for  common  roads.  More  care,  however,  is  neces- 
sary, owing  to  the  greater  expense  in  building,  sustaining,  and 
working  a  railroad.  In  the  preliminary  survey  of  the  London  and 
Birmingham  Railroad,  Robert  Stephenson  walked  over  the  ground 
twenty  times — ^a  distance  of  one  hundred  and  twelve  miles. 

8.  Survey  and  LoeaUon, 

The  transit  party  usually  goes  ahead,  and  consists  of  a  chief,  a 
transltman,  two  flagmen,  two  chainmen,  and  one  or  more  axmen, 
according  to  the  country. 

The  line  is  marked  out  by  the  transit  party,  by  placing  a  small 
peg  in  the  line  at  every  hundred  feet.  These  pegs  are  driven  so 
that  their  tops  are  nearly  to  the  surface  of  the  ground,  and  then 
large  stakes  are  driven  near  them,  to  aid  in  finding  the  former  in 
retracing  the  line.  The  number  of  the  station  is  marked  on  the 
large  stake  with  red  chalk.  Sometimes  the  larger  stakes  are  placed 
in  the  line,  and  the  small  "  level  pegs"  are  only  driven  at  every 
five  hundred  feet. 

**  Reference  points"  are  also  located  along  the  line  at  important 
points,  so  that  if  the  stakes  in  the  line  be  lost,  the  exact  point  can 
be  found  again. 

Let  o  be  the  point  whose  position  it  is  desired  to  Pig-  ifiT 
fix.  Select  four  points  as,  a,  b,  c,  and  d  (as  per- 
manent as  possible),  in  such  positions  that  the  lines 
AB  and  0  D  will  intersect  at  o.  Now  if  the  stake 
At  o  be  lost,  it  can  be  replaced  by  finding  the  inter- 
section of  the  two  lines.  The  reference  points, 
A,  B,  o,  and  D,  should  be  at  such  distances  from  the 
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and  D°  is  tlie  angle  of  deflection  of  one  from  ihe  other,    o  is  the 
ceil  U'e  of  tliB  arc. 
Its  nuliua  is  tliereft):e  oa  =  oz  ^r.    Ttie  equal  tangeats  are, 

AOZ  =  IIT=D%      lAZ=iaA  =  |AOJl=iD°. 

Pboblbu  T 

Given  two  ititerteeting  tangcnta,(md  aito  the  starting poinl,  K,on<me 
of  them,  to  find  radiut  and  length  cif  curtw.    Fig.  1. 

OraphiaiUg,  on  a  plot.  Set  off  i  z  ^a  i.  At  A  and  z  draw  per- 
pendiculars to  Ihe  redpective  tangents,  and  their  interseclion  will 
be  tlie  centre  lequlrec!.    It  will  also  be  lu  the  line  biaecting  itie 

When  the  lines  are  given  on  the  ground.  Bet  off  iz^al 
Memure  A  z ;  murk  its  middle  point,  u,  and  meBsure  i  v.  Then 
from  the  similar  li'iRfigles,  ami  and  A  u  O, 


Ihyorumttneaili/.    When  the  lines  are  given  by  their  anele  Of 
deflection,  then  from  the  rig-bt-angled  triangle,  o  a  i,  *' 

o  A  ^  Ai  coL  4  T  I  z  =  ( cot.  i  o". 

The  length  of  curve  a  2  = 

PROBI.BH  HI 

Oivcn  two  tanQiutt,  and  also  ike  deeired  l-adiue,  O  A,  to  find  Utt «{ 
inffpointf  and  length /ff  euTve. 

Graphicalli/  on  a  plat.     Draw  parallels  to  the  tangents  a 
lance  =  radius.    Their  inleraectioo  will  be  llio  centre,    1 1  will  a] 
be  in  the  line  bisecting  the  angle  L 

Bij  caliMlalian,  when  the  lines 
are  given  on  the  ground,  Fig.  S, 
measure  equal  distances  from  i  to 
p  and  q.  Measure  pq;  mark  ila 
middle  point,  a,  and  measure  si. 
TUfo  fVom  the  similar  trlangleSi 
AOi  and  PHI, 

_0A  X  81 
~        BP       ' 
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effect>  in  the  cuttings  and  fillings,  of  moying  the  line  to  the  right 
or  the  left  in  order  to  improve  its  grade  or  curvature. 

The  most  perfect  preliminary  location  of  a  line  would  be  made 
by  first  making  a  topographical  survey,  and  getting  contour  lines 
over  all  the  surface  near  the  proposed  line.  This  can  be  done 
very  rapidly  with  a  level  provided  with  extra  '*  stadia  hairs." 

Preliminary  surveys  being  completed,  plots  and  profiles  are 
made ;  curves  put  in  so  as  to  obtain  the  line  of  easiest  curvature ; 
a  grade  line  put  on  the  profile  so  as  to  nearly  equalize  the  cuttmg 
uid  filling,  and  at  the  same  time  get  easy  grades.    (See  p.  154.) 

Approximate  grade  contour  lines  may  be  obtained  from  the 
cross-sections  thus :  Knowing  at  each  station  the  relative  heights 
of  the  ground,  find  where  a  horizontal  line,  passing  through  the 
grade  point  at  each  station,  perpendicular  to  the  line  of  the  road 
would  intersect  the  surface  of  the  ground. 

This  is  most  easily  done,  if  the  slope  is  taken  in  degrees,  by  a 
traverse  table.  Opening  the  table  to  the  degree  of  the  slope,  call- 
ing the  depth  of  the  cut  or  fill  the  departure,  and  finding  the  lati- 
tude corresponding  to  it,  which  will  be  the  distance  of  the  required 
intersection  to  the  right  or  left.  Mark  on  the  plot  the  places  of 
these  points  of  intersection,  and  draw  a  line  through  these.  This 
will  be  a  line  on  which  there  will  be  no  cutting  or  filling,  and  may 
be  called  a  grade  contour  line. 

The  located  line  should  approach  this  as  nearly  as  other  con- 
siderations (curvatures,  etc.)  will  allow.  It  should  be  a  compromise 
between  this  line  and  the  straight  line. 

Grades  in  railroads  should  be  grouped  by  bringing  the  steep  ones 
together  and  obtaining  some  uniformity  of  them  over  such  a 
length  of  road  as  would  be  worked  by  the  same  engine ;  because 
no  one  engine  can  advantageously  work  easy  grades  and  steep 
ones. 

4    Chmparison  of  Lines. 

The  various  lines  which  have  been  surveyed  and  estimated, 
between  two  termini,  are  now  to  be  **  equated."  One  line  may  be 
straight,  but  have  many  grades;  another  level,  but  have  sharp 
curves,  or  be  longer  than  the  former ;  and  so  on. 

17* 


tat                                       AFPEHDIZ  U                                                    • 

Pboblbm  it. 

Oi-em  tw>  interaeeCing  tan^enb,  andakoa  point,  r,  through  vhiA 

Oit  aiTot  mrtitpasi,  lo  find  the  ttarting  pmO,  a,  naiiut,  r,  and  bivtt 

ofeurve.    Fig.  4. 

GraphiedBy,   tm     tlie   groujid.                           t-  *■                                , 

Bisect  angle   at  l     Through  p                                             y'              H 

draw  a.  perpendicular  to  bisect-                                       j^                  fl 

at  H  and  h".     Construct  a  dimu               ^j"^^ 
proportional  between  n  p   and         j^^^T^ 

^^J 

^V  H 

=  .y(np  X  HP')=^(HP  *  PH-).    ^             \\  \ 

/■ 

This    Riyes   a,   and,  therefore,        \            \  \\^ 
gives  I  A,  and  Oience  A  o,  by         \         \     ' 

/  ■ 

/  1 

Problem  I.                                            \       \ 

/    ■ 

Qiiapht.  Draw  the  bisectrix              \      \ 

/    ■ 

oftheangle.i.JoiniP.  Through                  \     \ 

/     ■ 

P  draw  a  perpendicular,  m  f,  to                     \   \ 

/      ■ 

the  nearesl  tangent.    Witll  H  as                        \  \ 
a  centre  and  mf  as  a  radius,                         V 

/       ■ 

/        ■ 

describe  an  arc  cutting  I F  in  R.                               5                              ^M 

Join  FK and  MK.    Draw  to  parallel  to  b  v,  and  pa  parallel  to^| 

R  P.    o  wiH  be  the  required  centre,  and  a  the  starting  poiaL             ^M 

By  ealeulaiion.    Measure  or  calculate  the  rectangular  co-ordl-  ^M 

nates,  i  p  and  P  p,  of  the  given  point.     Then  we  gel,                            ^M 

PA=FP,  cot  iD°    ±    .y'Lt*' P  cot  i  D°  +1P)'-IP'  -  »P*]        H 

I A  =  I F  +  F  A,  and  0  A  =  I A  coU  i  d*.                       ^| 

co-ordinates  Irom  i,  r  P  and  F  I,  to  find  F  A,  etc.                               ^H 

A  F  =  (I  p=  VCo  !•'  -  0 1")  =  -/[*<''  -  (A  0  -  »y)']                   H 

-v'(Sao,fi-fHvB 

By  Prob.  VI.  {or  by  mensuration),                                                           ^H 

a  =  v'{2ry-!/'),orAP=V(2*0'<^i--TF').               H 

-_  lly  Prnb.  I     Ao=Ai,tan.  lAiz=(AP +  Fi)lu.H                ^H 
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FirMl  Loi4Uion.  —The  best  line  having  been  chosen,  it  is  then  to 
be  staked  out  For  grade  book,  see  p.  146.  Its  colamns  3,  4,  5, 
and  6  may  be  omitted.  The  side  stakes  for  construction  are  set  as 
on  page  457.  The  estimates  are  made  as  for  common  roads,  with 
tbe  addition  of  the  new  items  of  rails,  ties,  eta,  etc 
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—To     START     FKOM     k    aiVEN     TAMGKKT    AWD     Pl» 


Pboblkh  V. 

(ficeji  tldg  tangent  and  point,  z,  to  find  radive,  length  of  UingeiA, 
and  UngOi  of  evrvs. 

Cfraphiealiy  on  a.  plot.  At  z  make 
an  angle  a  z  i  ^  z  a.  l  Dtbw  per- 
pendiculars at  A  and  z,  ftnd  Uieir 
inlerseeliona  ia  Ihe  centre.  00i«rwi»e, 
draw  perpendicular  at  A,  and  make 
angle  a  z  o  ^  z  A  o. 

5y  calculation.  There  are  two 
Bub-caaea,  according  to  wtat  the 
diita  are, 

1.  When  the  point  is  given  by  its 
polar  co-ordinates,  as  x  a  z  and  A  z. 

We  hare,  r=  „.     „  . 


Q7.3 


Length  ofciirve  =  3 

Ad  pilar  length  of  ct 
Conversdy,    GivearadiusandTAz,  toflndAZ.  AZ^3rstiLTAi 
8.  Wbcn  the  point  is  given  hj  its  rectangular  co-ordinates,  vl 
A  T  =  I,  and  T  z  ^  y. 


Length  of  c 


57.3' 


£— -» 


AngTilar  length  of  curve,  A  ok  =  3t  a  z. 

The  duection  of  Ihe  final  tangent  at  Z,  i.  «.,  ita  dcfloction  Tl 
from  the  first  tnneent  =  AOz. 

Note. — To  calculate  the  rectangular  co-ordinates  of  a  point  of 
curve  &om  various  data. 

1.  Given  the  polar  co-ordinates, 

a!  =  AT  =  AZCOB. TAZ,  y  =  Ta  =  AZ8iii.T*B. 

3.  Given  the  angle  of  deflection  of  Ihe  tangents,  and  radius  a 
curve, 

tz=oa(1  -  cos  D)  =  3  o  A  (sin.  4  D) 


APPENDIX   0. 
PART  L 

OENBBAIi  FBOBLEMS 
GAOB  a.— To  TTIOTB  TWO  GIVEN  TANGENT  LXNEB. 

Fig.  1. 
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In  all  the  figures  the  starting  point  of  the  curve  is  lettered  a 
and  itsterminus  z.    i  is  the  point  of  intersection  of  the  tangents^ 
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and  D*  is  the  angle  of  defloctiion  of  one  from  the  other,   o  is  tbe 
centre  of  the  arc. 

Its  radioB  is  therefore  o  a  =s  o  z  ^  r.  The  eqaal  tangents  an, 
A I  ss  I  z  as  t. 

A0KSBZITSSD%     lAZ  =  IZA^-I^AOEss-^D*. 

Pboblrm  J 

Given  two  irUeneeting  tangenU,  and  also  the  starting paini^k^ohm 
qf  (htm,  to  find  radius  and  length  of  curvtsm    Fig.  1. 

Graphieailp,  on  a  plot  Setoffiz=Ai.  At  A  and  z  draw  per- 
pendiculars to  the  respective  tangents,  and  their  intersection  will 
he  the  centre  required.  It  will  also  be  in  the  line  bisecting  the 
angle,  a  i  s. 

When  the  lines  are  given  on  the  ground.  Set  oflf  iz=al 
Measure  AZ;  mark  its  middle  pomt,  m,  and  measure  iii.  Then 
from  the  similar  triangles,  ami  and  A  ic  o, 

AI  X  AM 


o  A  = 


IM 


TrigonometricaUy.    When  the  Imes  are  given  by  their  anrie  of 
deflection,  tlien  from  the  right-angled  triangle,  o  a  i,  > 

O  A  =  A I  cot  i  T  I  Z  =  ^  cot  i  D^ 

The  length  of  curve  A  z  =  o  A  =  r  ^ 


57.3 


57.3* 


Problem  Ilf 

Given  ttoo  tangents,  and  also  the  desired  tadius,  o  a,  to  find  the  starU 
ing  point,  and  length  of  curve. 

Graphically  on  a  plot.  Draw  parallels  to  the  tangents  at  a  dis- 
tance ^  radius.    Their  interaection  will  be  the  centre.   1 1  will  also 


be  in  the  line  bisecting  the  angle  L 
By  ealculoMon,  when  the  lines 
are  given  on  the  ground,  Fig.  2, 
measure  equal  distances  from  i  to 
p  and  q.  Measure  p  q  ;  mark  its 
middle  point,  s,  and  measure  si. 
Then  from  the  similar  triangles, 
A  o  I  and  p  8 1, 


I   Pifr8 


I  A  = 


OA  X  BI 
BP 
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Otherwiae,  by  trial,  Fig.  8     Run  from  a  random  point,  a',  till  the 
tangent  at  the  end  of  the  Fig.  8. 

curve  is  parallel  to  second 
tangent,  i  z,  as  u  v  at  v. 
Measiu*e  v  z  parallel  to 
first  tangent,  A  i;  move 
the  starting  point  thai 
distance  and  repeat 

When  the  lines  are 
given  by  their  angle  of 
deflection,  we  have, 

I A  =  o  A  tan.  i  D°.        Length  of  curve  =  r  ~^. 

OiaO 

Problem  III. 

Oiven  two  intersecting  tan^fents^  and  also  tlie  distance  i  ofrom  their 
intersection  to  a  point  through  which  the  curve  must  pass,  Beguired 
to  find  tJie  starting  pointy  a,  radius^  r,  and  length  of  curve.    Fig.  1. 

OrapMcally,  Draw  a  line  bisecting  A  i  z.  Through  c  (at  the 
given  distance  measured  on  the  line)  draw  a  perpendicular  to  it, 
meeting  the  tangents  in  b  and  d.  Set  off  c  B  Irom  B  to  a,  and  its 
equal  c  d,  from  d  to  z.  Perpendiculars  at  A  and  z  will  intersect  in 
the  centre,  which  will  also  be  in  the  bisecting  line. 

By  ealcidatian.    In  triangle,  A  c  i, 

sin.  ACT 


8m.  I A  0  :  sm.  aoi::ic:ai  =  ic 


sin.  I A  c 


Now, 

sin.  A  c  I  =  sin.  ACO  =  cos.o  A  z  =  cos.i  i  a  z  =  cos.  i  a  o  z  =co8.iD* 

and, 

sin.  I A  c  =  sm.  i  a  o  c  =  sin.  ^  a  o  z  =  sin.  i  d". 

Hence, 

cos.  iD 


Ai  =  ic—     , 

sm.  1 1> 


=  I  c  cot.  i  D°. 


To  find  the  radius, 

O  A  =  A I  cot  A  O I  =  A I  cot  i  D  =  I  0  COt.  i  D  .  COt  i  D**. 

Hence, 

o  A  =  I  c  cot  i  D°  cot  i  D°. 
Omweraely, 

10  =  < .  tan.  i  D°.    And  i  o  =  r .  tan.  i  D**  .  taa  t  P* 
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that  lUready  turned ;  i.  £.,  i  a  e.  You  are  then  pomtii)|;  in 
gent  z  I,  which  may  be  prolongeil  as  &  tangent,  or  used  to 
the  curve  as  at  first     Tiiis  ia  ih»  method  moat  commonlj  ( 

Tor  example ;  let  it  be  required  t«  run  a  four-degree  c 
liye  stations,  commencing  atA,  Fi^-B.  Then  tlie  angle  to  be  tDmed' 
off  eacli  time  is  two  degrees.  Ttiis  is  called  the  "tangentlkl  ur 
gle,"  and  Is  represented  by  5. 

Bet  up  the  transit  at  A,  with  ttie  telescope  pointiDg  toward 
Turn  3°  to  tlie  right,  and  fix  the  point  b  m  the  line  of  sight  al 
distance  fiom  a  of  100  fpeL  Then  turn  2°  more  to  tlie  rigbi,  anij 
&i.  the  point  c  in  the  line  of  sight  at  a  distance  of  100  Teet  Iroin  n. 
So  on  for  any  member  of  stations,  turning  3°  each  lime,  and  fixing 
the  station  in  the  line  of  sight  at  a  distance  of  100  feet  froi 
preceding  one.  To  get  on  tlie  tangent  at  z,  set  up  \ixe  irat 
z,  with  the  telescope  pointing  to  a.  Turn  to  the  right  10°<i1m 
number  of  de^Tees  deflected  from  a  i),  and  the  leleaoope  will  then 
be  pointing  to  i,  along  the  tangent  iz.  It  frequently  happei 
tlie  entire  curve  cannot  he  run  from  a.  Buppoae  it  ia  deeired  lo  maks 
a  changing  point  at  d,  set  up  at  n  with  the  telescope  directed  lowiud 
4.  Turn  to  the  right  6°  (Ilie  whole  number  of  degrees  deflecled 
Irani  tlie  tangent),  and  the  telescope  will  then  be  pointing  along  Ilw 
liingent  ul  D,  and  the  curve  can  be  prolonged  in  the  same  nianna 
MS  wlien  starling  at  a. 

When  the  "  tangential  angle"  contains  some  odd  Beconda,  keep 
account  of  Ihem,  and  when  they  amount  lo  a  minute,  add 

When  a  curve  does  not  come  out  Just  right,  i.  e.,  to  some  point 
z',  instead  of  z,  some  engineers,  instead  of  running  it  over  nnlll  it 
doe?,  will  move  z'  to  X,  and  the  other  slakes  ■  distance  pronordonal 
li>  tlie  square  of  their  distance  from  the  stnrting  point.  This  ia  ■ 
tolerable  approiimation. 

SOTATIOS. 
6*  =  "  tangential  angle"  by  which  the  curve  is  run. 
2S°  =  "degree"  of  curve  =  the  angle  subtended  nt  the 
by  achordofJOO'. 
c^  length  of  one  of  the  equal  chords,  usually  100  feel 

mber  of  chords  in 
r  «>  radios  aftltfl  maye. 
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Sabstitiitiog  A  o  in  the  above ; 

A»=sy'[2FP(AF  +  Fi)tan.  ^I-PP«]. 
AF'=2pp,AFta]i.ii  +  2pp,Fitan.  ii  — FP«. 
.    AF*  —  2  P  p,taiu  ii,AP  =  2FP,Fi,  tan.  i  i  —  f  p*. 
AF=FP,tan,ii±  y'(2pp,  Fitan.ii  —  fp*  +FP*tan.*ii) 

A  F  =  p  p,  tan.  i  I  ±  v^[(p  p,  tan.  i  i  +  p  i)'  —  p  i'—  f  p"]. 
Note  to  Case  A,  Prdbs,  /.,  2Z,  J7Z,  and  IV, 

When  the  intersection,  i,  of  the  tangents  is  inaccessible,  d**  and 

t  mast  be  calculated.  Fig.  5.   From  A,  run  one  or  more  lines  to  meet 

the  other  tangent  at  some  point,  as  w.    Then  the  desired  angle 

at  I  is  obtained  by  subtracting  the  sum  of  all  the  interior  angles 


from  two  right  angles,  taken  as  many  times,  less  two,  as  the  figure 
has  sides.  When  the  lines  are  run  by  traversing,  the  reading  from 
w  to  z  at  once  gives  d**.  a  w  is  calculatel  by  latitudes  and  de- 
partures. Then  lA,  in  the  triangle  aiw  is  calculated  l^  trii^o- 
Dometiy* 


APPENDIX    V. 


Pbodlbu  n. 

Given  Iteo  inttrteetiag  tangenU,  and  also  the  tangential  angl*,  i 
ginen  D"  and  S",  to  Jind  I.    (Fig,  1.) 


Pboblku  UL 
Given  too  interseetijig  tangenU,  and  alto  (Ae  diatoTtet  Jivnn 

eerlee  to  a  point  through  lehieA  the  cunt  muit  past,  i.  c,  gtten  o°  t 
I  c,  to  Jind  t  and  S".     (Fig.  1.) 


dmBCTseiy,      10  =  0- 


-,  aQdio=  <  tan.  i  d*. 


Pboblem  IV. 


Gt'oCTt  two  inleneeling  langentf,  and  aluo  a  point  ihrov-gh  wihiiii 
eurne  tniial  pass,i.  e., given  d°  a/id  l/ie  ca-ordinatai  ofv,  tofindd'a 
At    (Fig.  4.) 

Flnil  V  A  and  a  i  as  in  General  Problem  IV. 

Bin   A"  —  <i  '""■  '  " 


Cabk   B.— To    htaht   : 


GITBN    TAKOBHT,     AKIl     M 


Froblbh  V. 
tftron  ihi»  tangent  and  point,  and  aita  We  ttarting  point     (Pig. 
1.  Given  a  z  and  i  A  i.  lo  find  3*  and  i  a. 

"'"■  ^   ^'^      Az      '  '^"    *  '  ^  a'cdfl,  liV 
"''  »'  A  2  (in  chains) 

OinverMly,  a  e  =  c  — ;'- — j^. 
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8.  Given  radius  and  length  of  tangent 

Find  D**,  having  tangent 

r 
i  A  I  z  =  -7;  and  D  =  180'  -*  Aiz. 

Then,  a;  =5^(1  +  cos.d*),  andy^^.  sin.  Ai  7ss<.  sin.  D*. 
4  Given  the  radius  of  curve  and  its  length, 

o      length  of  curve  x  57.3 

AOZ=D**= jT . 

radius 
Then  apply  the  second  case. 

Finding  the  rectangular  co-ordinates  of  the  end  of  a  curve,  is 

equivalent  to  finding  how  far  the  curve  will  depart  from  its  first 

tangent,  and  what  point  of  that  tangent  its  extremity  will  be  oppo- 

Bite  to. 

Problem  VI. 

Oi'oen  ViU  tangent  and  pointy  as  in  Prob.  V.,  and  also  ths  radius,  to 
find  the  starting  painty  length  of  tangent,  and  length  of  curve.  (Fig.  6.) 

When  the  point  is  given  by  polar  co-ordinates,  change  them  to 

rectangular  co-ordinates  by  the  preceding  formulas,  i.  e,,  find  Ta 

and  the  position  of  t. 

Then, 

T  A  =  >^{2  A  o  X  T  z  —  T  z')  ;  or,  a?  =  ^(2  ry  —  y"). 

Length  of  i  a  and  of  curve  are  as  in  the  last  problem. 
Chnversely,    Given  radius  and  tangent,  to  find  t  z. 
T  z  =  o  A  —  ^(o  A*  —  A  t")  ;  or,  y  =  r  —  >v/(r*  —  a?). 

Case  0.— Given  a  tangent  line  and  a  curve  albeadt  bott. 

Problem  VII. 


Given  the  radius,  r,  and 
lengthy  I,  of  a  curve;  required 
the  radius,  r',  of  another  curve, 
a  z',  or  A'  z',  which  shaU  start 
from  the  same  tangent,  and  pass 
at  a  given  distance,  z  z',  from 
the  end  of  tlie  first  curve. 

Precisely,   Fig.  7.— Find  the 
rectangular  co-ordinates  of  z, 
and  then  of  z',  and  then  apply -^ 
Problem  V.,  Case  2. 

Oonversdy.  Given  the  two 
corves,  a  z  and  a  z',  or  a'  z\ 


Fig.  7. 


APPENDIX  O. 


'   41« 


flECOKD   tt 

By"  chard  angle*"  i.e.,  angUt  of  Officdion  from  ehordt.     ^1g.  9;}  ] 
Turn  8'  and  fix  b  as  in  the  first  mctbocL    Set  up  at  b,  and  D 
M°  from  A  B  prolonged,  and  fii  c  at  a  distance  of  100  feet  from  a,  J 
Fig.  9. 


and  BO  go  on  any  number  of  stations,  turning  2  6°  from  each  Chord 
produced.  To  get  into  the  tangent  at  any  point,  turn  5*.  Find 
S'  ea  in  the  first  method.  The  defect  of  this  method  ia  the  Se- 
quent setting  of  tlie  ii 


Witk  itoo  tramil4  and  no  chain.     (Fig.  10.) 
Set  tlie  Iransils  at  a  and  z.    Turn  the  telescope  of  the  former  » 
V\g.  10, 


1,  and  that  of  the  latMr 
to  A.    Then  deflect  equal 


D  the 


tinu  (to  the  right),  and  set 
fltakesat  the  intersectionH 
of  the  corresponding  lines 
of  Bight    The  principle 
b  that  the  vertices  of  a 
aeriea    of    ecfual    angles  ,a^ 
constructed  ou  the  s: 
chord,  will   all  lie  in  the  arc 
VIa  to  be  tumud  is  fbiud  oa 


)f  a  circle.     Oivea  the  cbord,  UiC 
1  the  first  method. 
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ApprosE^maUiLy, 

This  is  from  the  approximation  in  Prob.  YII.,  by  making  iff 

PARTIL 


sa 


To    BUN    THB    OUBYSa 
FIB8T  MJCTUOD. 

By  "  tangenUal  ariglea/'  i,  e,,  angles  cf  diwrgencefrom  tangenU, 
From  the  starting  point  set  off,  with  a  transit  or  a  compaas, 
equal  diverging  angles,  each  subtended  by  equal  chords;  i  «., 

Pig.  8. 


chainB.    After  determining  n  points,  go  to  the  last  one,  sight  back 
to  the  first  one,  and  deflect  from  the  chord,  z  A,  an  angle  equal  to 
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A  B  is  prolonged  until  b  b  =  A  b.  The  first  station,  b,  is  set  by  a 
•*  tangent  deflection,"  P b,  from  the  tangent,  At  FB  =  ^BC;»^tf.i 
a  tangent  deflection  is  half  a  chord  deflection. 

SEVENTH  METHOD. 

By  offsets  from  tangents,    (Fig.  11.) 

Fig.  11. 


\o 

1.  Exactly,    Given  radius,  o  A,  and  distance  on  tangent,  A  K,  to 
find  ofiset  from  tangent,  e  b. 

KB  =  AH=:r  —  ^(r*  —  A  K*). 

2.  Approximately. 

AB* 

AH  :  AB  ::  AB  :  2oA;  .*.  ah  = . 

2oA 

Calling  A  K  ^  A  B  (which  it  is  approximately),  we  have, 

ak'   tangent' 

2  o  A      2  X  radius* 

When  tangent  =  -^  radius,  the  error  of  the  approximation  is 
.000013  radius  =  rrhrn  radius. 

When  tangent  =  i  radius,  error  =  .00051  r  =  -rhn  r. 

=  i      **         "  0.009  r  =  T+Tr. 

Required,  length  of  tangent  which  will  make  the  chords  a  b,  etc, 
even  chains. 

A  B 

Sin.  i  A  O  B  =  X .     AKssHB^OA  Sin.  A  O  B. 

2o  A 

When  the  offsets  become  too  long  to  be  set  off"  with  accuracy  or 

ease,  or  when  the  tangent  deviates  from  the  desired  curve  so  fai 
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Aord  and  radius  must  be  in  the  same  unit  of  measure. 
iAZ  =  n5'.    D''  =  AOZ  =  2n5"  =2iAZ. 

AOZ"  d" 


The  length  of  the  carve  in  n  chords  = '     ^      —  «  «., 

If  n  have  &  fraction^  the  curve  will  end  with  a  **  wb-chard/'  L  e. 
similar  fraction  of  a  whole  chord. 

FUITDAHENTAL  ThEOBBMB. 

e  e 

Sin.  6   =1^.  r^  28in.d** 

W&h  hundred  feet  chords,  approximateii/, 

2865  2866 


This  is  near  enough  for  carves  of  large  radius. 
For  «fi|r  other  chord,  ef,  and  a  corresponding  tangential  angle  d^ 

By  this  formula  long  chords  may  be  used  when  more  conveniens 
For  ehort  chords,  approximately, 

0 

JL  curve  whose  chords  are  of  an  equal  length,  and  d  has  odd 

minutes  and  seconds,  may  be  run  with  6' '  in  even  minutes,  by 

sin.  8' 
using  another  chord, «', given  by,  c'ss e    .     ^' 

PROBLEMS. 

The  enunciations  are  as  in  the  *'  General  Problems,**  Part  L,  only 
mbstituting  "  Tangential  Angle"  for  '*  Radius.** 

Case  A. 

Problem    L 

Oiten  two  interseeUng  tangents,  and  also  the  starting  point  on  one 
qfihem,  i.  e,,  given  d'  and  t,  to  find  8  > .    (Fig.  1.) 

tan  i  D ' 
•in.  8°sse  — il — ,  and  angular  length  of  curve  =z2n8; 

2  • 
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A B bisects  CAD.    Hence,  d s  ;  k C  ;  :  AD 
And  DB  :  DB  +  IIO  ::  AD  :  AD  +  AO; 

or,  db;do::ad!AD  +  AO. 

_AP  X  OP  _ 


Hence. 
Also, 


AO  ::  COB.  GAB  t  1. 
e.OAB  :  CO&OAB  -h  1. 


<n=i>K  =  r 


1  +  COB.OAB    . 

B.  Given,  the  radias  and  cliord. 
OA*  =  Ai>'  +  i>o»  =  (Jo)"+  (oB  — DB)",  or,  r»  =  io"+(r— ■ 

2  r  m  =  i  (?  +  ra». 
Hence,  m  =  r—  y'(r'  —  i  cH- 

Appriatmately.     In  tlie  equation 

2  r  m  =  i  c*  +  m«, 
neglectin);  the  last  term  in  the  second  member  (whhi  Is  t 
small  in  raitroftd  curres),  we  have, 


0.  GtTen,  radius  and  chord  of  half  ihe  arc  ^  O*. 
From  the  similar  triangles,  K  A  Q  and  A  o  M,  we  have, 
AO;  am(=1ak)::ae:eix 


D.  GiTen,  radius  and  tangent. 

DB1  =  D0  —  CK=DO  —  (OO—  OB) 
=  DC-  [v'(*o'  +  '*<=^-Ao]=''0  +  AO- Y'(AO'  +  Atf).   ] 

Hence,        DE  =  ni  =  DO  +ao  —  \^{xv^  +  *<f). 

E,  Qiren,  the  "  tangenlJal  ftugle." 


Benoe, 


D  =  n  =  le.  tabid*.  .-m-m.^ 
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2.  Given  A  t  =  a;,  and  t  z  =  y,  to  find  5"  and  A  i. 
Sin.^''=o   .^    .»andAi=^j^. 

'*  2sin,o   ' 


or»  y=5C 


(sin.  n  8y 
Bin.  o 

1  — cos.2n(5* 


Bin.  o    ' 


2  8in.d' 


Pboblbm  YL 

Given  the  tangent  and  paint,  as  in  Problem  V.,  and  also  8*  Ofnd 
T  z,  to  find  A  T.    (Fig.  6.) 

Conversely.    Given  5"*  and  A  t  to  fiiMl  t  z. 

Kadius  =^-^ J3-;  then  Tz=y  =  r— V'^r'— oj*). 


Case  C. 

Problem  VIL 

Given  d°,  »,  and  z  z',  <t>  J?we?  5'^    (Pig.  7.) 
Accurately y  as  in  General  Problem  VIL 
Approximately t  z  z'  being  in  feet, 

5'"  =6-  ±  ^^^v»  and  conversely,  z  z'  =  (<J'  oo  5")  ^-. 
When  the  curves  start  at  a  distance  apart  =  A  a'  (in  chainsX 
8"'  =z!^l^,  and  z  z'  =i  [ti*  5oo(n  +A  aO^'I. 


(71  +  A  A'y 


Problem  VIIL 


Given  5',  n,  and  a  a',  fe^ntf  <5".    (Fig.  7.) 
Ac/yurately,  as  in  General  Problem  VIIL 

Approximately,  «'"=  ^"(n  AaO'' 

18 
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Omit  the  suliirnhend,  ns  very  BmsU  compared  wilh  K  S,  sod  n  J 

ou  =  BN  =  2r,  and  v  a  = -^ . 


COMPOUND  CURYKH. 

A  single  arc  of  a  circle  uniting  two  tangents,  must  meet  thetn  M 
equal  distances  from  their  point  of  interieedon  or  Terici.  If  ilM 
required  to  unite  two  tangents  by  a  curve  meeting  them  at  uneqoi] 
distances  from  the  vertex,  a  compound  curve  must  be  employed, 
composed  of  two  or  more  arcs  of  circles  of  different  radii. 

A.  Amdameutal  condition  is  thiit,  tlie  ccnti'cs  of  tlie  two  adjomiog 
arcs  and  their  point  of  meclJDg,  must  lie  in  the  same  atiaigU 
line ;  since  these  arcs  must  have  a  commoa  langent  at  their  point 
of  meeKng. 

An  infinite  number  of  pairs  of  curves  would  sstiefy  the  prect^ 
ing   conditiouB,  consequently,  another  condition  musi 
duceiJ.     This  mnj  be  that  one  radius  shall  be  given,  ( 
difference  of  the  two  radii  ehali  be  a  minimum ;  or  their  ratio  I 
minimum,  etc. 

Frobleu  L 

It  i»  regaired  that  the  ratio  ofthetiBO  radii  thall  be  a  minimitm. 
In  tilts  case  the  common  tangent  will  be  parallel  to  the  line  Al 
Analytically.     Let  (  and  l!   be  tlie  rig.  is. 

two  tangents,  i  a  and  I  z ;  r  and  r*  the 

corresponding    radii ;    <p'   and    ip  the 

anglef  comprised  by  the  curves,  or  their 

angulu' lengths ;  aud  a  llie  nuglcAi  z. 

Put 
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FOTJBTH  METHOD. 

With  a  sextant;  reflecting  tTie  angle  in  a  segment.  (Fig.  1.) 
Given  A  z  and  i  A  z ;  either  on  the  ground  or  calculated.  Set 
the  sextant  (or  other  reflecting  mstrumeut)  to  the  supplement  oi 
I  A  z.  Move  about  till  poles  at  A  and  z  (seen,  one  by  direct 
vision,  and  the  other  by  reflection)  appear  to  coincide.  Drop  a 
plumb  line  from  the  eye,  and  it  will  fix  one  point  of  the  curve. 
Bepeat  this  at  as  many  points  of  the  curve  between  A  and  z  as  are 
desired.  The  principle  is,  that  the  angle  between  the  tangent  and 
chord  at  any  point  of  a  circle  is  equal  to  the  angle  inscribed  Jn  the 
segment,  and  equal  to  the  supplement  of  the  angle  inscribed  in 
the  original  segment 

FIFTH  MBTHOD. 

By  versed  sines.    For  the  method  of  running   the  curve,  sea 
pp.  140  and  141.    (Figs.  64  and  65.) 

Let  V  =  versed  sine  D  B, 
e  =  chord  A  b  =s  bf. 

2r 

txTx.            ^AA          5000        ,         5000 
When  e  =  100,  v  =s ;  and  r  =s . 

r  f> 

ByProb.  L«=ss — : i •  ' 

^  2Aitan.iAiz 

For  a  sub-chord  e\  the  versed  sine  «'  =«(  —  J  , 

Hence,  when  e'  =ii  e,v'  ss\v,  and  so  on« 
To  find,  approximately,  intermediate  points, 

B  D  =  A  B  sin.  BAD;  or  t)  as  6  sin.  d\ 
Approximately^  c  =s  J  5"  and  8°  ss^v, 

SIXTH  METHOD. 

Bp  deflection  distances  from  chords  produced,  or  double  wrmA 
sines,    (Fig.  9.) 
Let  d  represent  one  of  the  deflection  distances,  as  o  B.    Then 

d  =  2«sa:— . 

r 
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▲  B  b  prolonged  until  b  b  :=  A  b.  The  first  station,  b,  is  set  by  i 
**  tangent  deflection  "  F  b,  from  the  tangent,  Ai.  FB  =  iBC;U, 
a  tangent  deflection  is  half  a  chord  deflection. 

SEVENTH  METHOD. 

Bif  off^eU  from  tanffenii,    (Fig.  11.) 

Tig.  11. 


AB« 


lO 

1.  Exactly,    Given  radius,  o  A,  and  distance  on  tangent,  A  K,  to 
find  offset  from  tangent,  k  b. 

KB  =  AH  =  r  —  ^(r*  —  A  K*). 

2.  Approximately. 

ah:AB::AB:2oa;.\  AH=^ 

20A 

Calling  A  K  =  A  B  (which  it  is  approximately),  we  have, 

ak'   tangent' 

^  o  A      2  X  radius' 

When  tangent  =  tV  radius,  the  error  of  the  approximation  is 
.000013  radius  =  jihrs  radius. 

When  tangent  =s  i  radius,  error  =  .00051  r  =  ^^  r. 

=  i      "         "  0.009  r  =  T+Tr. 

Required,  length  of  tangent  which  will  make  the  chords  a  b,  etc, 
even  chains. 

Sin.  ^  A  O  B  =  ^^     .     AK  =  HB  =  0A  Sin.  A  O  B. 
2o  A 

When  the  offsets  become  too  long  to  be  set  off"  with  accuracy  or 

ease,  or  when  the  tangent  deviates  from  the  desired  curve  so  fai 
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B8  to  fall  on  impracticable  ground,  **  auao&mry  tanger^^  ntay  be 
used. 

From  A  points  have  been  fixed  to  B.  A  new  tangent  at  b  is  de- 
sired. From  A  set  off  a  distance,  A  c,  to  be- calculated  by  a  formula 
giyen  below,  c  B  produced  is  the  desired  new  tangent  Set  off 
Irom  it  o&ets  as  before.  If  the  ground  prevents  A  c  being  set  off, 
set  off  A  o,  and  produce  o  b  as  before. 

To  get  a  new  tangent  at  d,  set  off  b  b  s=  a  c,  and  b  d  produced 
is  the  third  tangent  required. 

Or,  set  off  K  B  on  first  tangent  prolonged,  and  prolong  b  D  aa 
before^    So  on  for  other  points. 

AC  = 
AO  = 
KB  = 

These  formulas  are  derived  from  the  similar  triangles,  c  A  o^ 
B  B  a.  c  H  B,  B  H  o,  B  c  o,  B  K  E,  and  B  K  a. 


OB  X  BK 

rad.  X  offset 

OH 

MMM 

rad.  —  o^et 

OB  X  BK 

rad.  X  offset 

BH 

tangent 

HE  X  KB 

tan.  X  offset 

HO 

^^" 

rad.  —  offset 

EIGHTH  METHOD. 

By  Ordinates  to  Chords 


1.  To  find  the  middle  ordinate  (m), 
A.  Given,  the  tangents  on  the  ground. 
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AX  bisects  OAix   Hence,DK  :  so  : :  ad  :  AOL 
And  DB  :  DB +  B0  : :  AD  :  AD  +  AO; 

<Mr,  DB  :  DO  :  :  AD  :  AD  +  Aa 

_  AD  X  CD 

Hence.  D  B  = =s  m. 

^^  AD  +  AC 

Also,  DB  :  BO  : :  AD  ;  AO  ::  COB.  o  AB  :  1. 

DX  :  DB  +  BO  : :  cob.oab  :  COS.OAB  -i- 1 

„  COS.  O  AB 

Hence.  ui  as  d  b  =  5— • 

^    ^  1  +  COS.  O  AB     . 

B.  Ohren,  fhe  radios  and  chord. 

O  A*  s=  AD^  +  DO^  =s  (iC)*+  (OB  —  DB)",  OF,  »*  s  id'+Cf-Wf 

Hence,  »i  =  r  —  y'(r*  —  i  cF>, 

Approaamatdg.    In  the  equation 

neglecting  the  last  term  in  the  second  member  (which  is  Tefy 
small  in  railroad  curresX  we  have, 

c« 

8r 

C.  Given,  radius  and  chord  of  half  the  arc  ^  c'. 
From  the  similar  triangles,  bad  and  A  o  M,  we  have, 

AO  :  AM(=-iAE)  ::AE  :  ed. 

Hence, 

A  E*  c" 

B  D  = 1     or,  1»  =  ;r 

2  AO        '  2  r 

D.  Given,  radius  and  tangent 

DE  =  DC  —  CB=DC  —  (OC  —  OE) 
=  DC—  [\/U°*  +  AC*)  — Ao]  =SDC  + AO—  y'(AO"  -f  A(f). 

Hence,         DEs=m  =  DC  +Ao—  ^(a  o^  +  ACf). 

E.  Given,  the  **  tangential  angle.*' 

E  D  =s  A  D  .  tan.  BAD. 

Hence,  e  d  =  m  ss  ^  0  .  tan.  \  6*. 
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3.  lb  find  itUemBdiate  ordinatts.    (Fig.  18.) 

Let  D  a,  the  dlBtauce  of  tbe  foot  of  the  rcqaireu  ordinate  from 
the  middle  chord  be  represented  F]g.  is. 

by/. 

The  requh«l  hitermedUte  ordi- 


/      EX 

— ^—^ —f_ 


ve   will   And  VH  and   oh   i 
turn. 

Fh'  =  hi,xhi=(ol  +  oh){Sl 

=  (r  +  /)(r-/)  =  »--/«. 
Hence,  rn  =  ^(f-f). 

ec*  =  AK'  =  iK  X  Ki.=3(oi  —  ok)(ol  +  ok) 

Hence,  a  h  =  VC**  -*«*)• 

Then,  rQ  =  ^li'-f)-y/(.r'-ii>>X 

AppKxelmaidy.    <Fig.  li) 


OX  =  DFeiBB— (SD  +  PKV 


I 
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Omit  the  subtrahend,  as  yery  small  compared  with  BV,  andwe 

haTe, 

OM  =  BK=s2r,  and  F  G  ==  ^  ^J^  ^  ', 

2r 


OOlCFOUmD  CUHVJfiS. 

A  single  arc  of  a  circle  muting  two  tangents,  must  meet  them  at 
equal  distances  from  their  point  of  intersection  or  vertex.  If  it  be 
required  to  unite  two  tangents  by  a  curve  meeting  them  at  aneqnal 
distances  from  the  vertex,  a  compound  curve  must  be  employed, 
composed  of  two  or  more  arcs  of  circles  of  different  radlL 

A  fbndamental  condition  is  that,  the  centres  of  the  two  adjoimng 
arcs  and  their  point  of  meeting,  must  lie  in  the  same  straight 
line ;  since  these  arcs  must  have  a  common  tangent  at  their  point 
of  meeting. 

Au  mfinito  number  of  pairs  of  curves  would  satisfy  the  preced- 
ing conditions,  consequently,  another  condition  must  be  intro- 
duced. This  may  be  that  one  radius  shall  be  given,  or  that  the 
difference  of  the  two  radii  shall  be  a  minimum ;  or  their  ratio  a 
minimum,  etc 

Problem  L 

It  is  required  tMt  the  ratio  of  the  two  radii  Bhatl  he  a  minimum. 
In  this  case  the  common  tangent  will  be  parallel  to  the  line  a  z. 


Analytically.  Let  t  and  If  be  the 
two  tangents,  i  a  and  i  z ;  r  and  r'  the 
corresponding  radii ;  q)'  and  q>  the 
angles  comprised  by  the  curves,  or  their 
angiilf.r  lengths ;  and  a  the  angle  A  i  z. 
Put 

m  -  ^{t^  +  H*  ^2t.t' .  cos.  a.) 

Then, 

'"         .{m  +  t  —  f). 


Fig.  15. 


r  = 


v  = 


m 


2 1' .  sin.  a 
m 


2 1 .  sin.  a 


,(m-t  +  f). 


sin.  g)  = 


t^ .  sill,  a 


m 


,       t .  sin.  a 

sm.  O)  = . 

m 
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Pboblbh  XL 
a  w  reared  to  make  the  difference  of  the  two  radii  a 

t-f 


r  =  f  .  tan.  i  a  — 


r  =t ,  tan. ia  + 
t^f 


2  COS.  i  a 


2co8.ia' 


-icu 


Pboblem  nL 

When  one  radius  is  given  to  find  the  other. 

By  construction.  Draw  perpendiculars  at  A  and  z.  Set  off  the 
given  radius  on  each  of  them,  from  A  to  some  point,  o,  and  from  s 
to  some  point,  p.  Join  o  p,  and  bisect  it  by  a  perpendicular.  This 
perpendicular  meets  the  perpendicular  from  z  in  o'.  o  and  o'  are 
the  desired  centres,  and  the  two  curves  will  unite  on  the  liAe 
through  these  points. 

AnalyticaUy*  Let  a  z,  the  angles  i  A  z  and  iz  A,  and  the  radius 
A  o  =  r,  be  given,  to  find  the  second  radius  r'. 

From  A  run  a  curve  with  the  first 
radius  to  D,  where  the  tangent,  D  b, 
becomes  parallel  to  zl  The  line, 
E  D,  prolonged  will  meet  the  curve  at 
the  common  tangent  point,  a 


f'  =r  '\- 


ZD 


2  sin.  c  z  x' 

When  the  angle  at  z  is  greater  than 
the  angle  at  A,  the  formula  becomes. 


f'  z:zr  — 


ED 


2  sin.  o  z  I* 


In  the  field  the  point,  d,  may  be  found  by  laying  off  the 
angle,  iAD  =  i(iAZ  +  iza),  and  measuring  the  distance,  a d 
=  2r .  sin.  i(iAZ  +  iza). 


REVERSED  CURVES. 

If  Uie  two  branches  of  the  curve,  instead  of  both  lying  on  the 


•  From  Henck*8  Field  Book. 

18* 
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ride  of  Ihe  common  tangent,  as  in  *'  Compoond  Curves" 
opposite  sides,  it  is  called  a  "  Rerersed  Curve." 
Pig.  IT. 


M  (nv  to  AoM  Utf  MOW 


PBOBLBM   L 


Wien  the  tangenU  are  paraUd,  and  both  ei 
ra^iit,  to  find  the  radiut,  r. 

When  the  tangents  are  parallel,  the  point  of  reyersed  cmrntnrt 
h  on  tbelinejoiiimg  tbe  tangent  points;  and  if  the  two  ndji  ai 
equal,  it  is  the  centre  of  the  line. 

Let  tiie  distance  a  b.  Fig.  17,  be  represented  by  a,  and  t2ie  p« 
nendicular  distance  between  tbo  ttuiKenta,  by  d.    Then  ve  have. 

'=n 
PsoBLXK  n. 

When  tA«  tangenU  art  pm-aUd,  and  ime  radiiu,  r,  lit  gitt 
l!u  other  radiw,  r'. 


A  0  ^ ,  and,  B  o  =  A  B  - 


pBOBLsu  m. 

Wltn  the  tangenU  are  not  parallel,  ajtd  both  aima  art  to  Aom  U 
OTM  TodUtt,  r,  the  tangent  poinli  being  given,    (Fig.  IS.) 
_  Bin.  B  P  O 
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Sin.  BFC 
c 


i  (cos.  A  B  T  +  COS.  B  T  Z)  ; 
270*  —  BPC  —  ABT; 
270'  —  BFC  —  BTt 

C 


Fboblbic  IV. 

When  the  tangents  are  not  parallel^  and  one  cf  the  tanffente,  r,  i$ 
given,  to  find  the  other  tangent,  ¥, 

Hun  with  the  given  radins  to  some  point,  D,  where  the  tangent, 
D  E,  is  parallel  to  a  b,  and  then  apply  Prob.  L  To  find  D,  lay  off 
ZTD  =  iEFB,  and  make  T  d  =  2  r  sin.  \  b. 

To  lay  out  a  componnd,  or  reversed  curve,  run  to  the  point  of 
common  tangency  of  the  two  branches  of  the  curve,  by  one  of  the 
methods  given.  At  that  point  get  on  the  tangent,  and  then  run 
out  the  remaining  branch  in  the  usual  maimer. 


ABPSSDIX  a. 
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Central  PrtneipUvi. 

Wb  taye  to  delennme ;   lal,  Tlie  cost  of  Ihe  raw  malcrini ;  Mi 

Tinie  cmplnjed  in  working  on  it;  3<i,  Price  or  a,  unit  of  thu  li: 

1.    Mnt  dot. 

Thia  varies  vitli  thf:  locallly,  demand,  clo.    The  waste  in  ab 

ing  a  materisl  must  be  nUowed  for.    In  common  cut  atone  it  it 

about  iVi  In  converting  round  timber  to  Iiewn,  about  {, 

3.     Time. 

The  lime  in  wliicb  an  BTcragc  worl(.tnan  will  perforin  a  ce 

amount  of  work  of  any  kind,  ia  called  the  "  OowtauC  ot  labor  fot 

that  work,  it  being  nearly  the  same  for  ali  limes  and  places.    Ta 

gfii  Ilie  cost  of  Ibut  work  it  is  onlj  ncceG^iuy  (o  mnltiplj  tills  a 

Btant  by  Ibe  pnce  of  labor  for  iliat  unit  of  time. 


A.  CaMtftnti  for  Excavation. 
The  table  on  page  126  gives  for  one  cubic  yard  of  ezcavalioD, 
previously  IciiM-nud,  including  throwing,  for  common  earth,  I 
hours  to  .83  of  an  hour;  loose  and  light  earth,  1.35  lioursi  mud, 
1.43  hours  U>  .62  hour ;  clay  and  stony  earth,  2,5  hours ;  rock,  after 
blasting,  4,5  hours.  Other  ejpcrimenls  for  "  hard  pan,"  4.2  hours; 
compact  sand,  .48  hour. 

The  table  on  page  128  gives  for  e^ccavating  earlli,  and  loading  It 
into  barrows,  a  constant  of  .43  hour,  and  for  excavating  and  load- 
ing it  into  liorse-carts,  .8  hour. 

Cole's  Erie  Canal  Experimenls  give  .47  hour  for  burrorrs. 
boa  shovelled  into  a  wagon  al  the  rate  of  .48  hour.     Tbo 
^  cooaianiB  from  the  boliom  of  page  126  are  ftir  ahoTBlling  into  ^ 
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cart,  earth  previously  loosened.     Gravel  and  clay,  1  hour ;  loam, 
.83  hour ;  sandy  earth,  .71  hour;  average  for  all,  .6  hour. 

Excavating  clay  tow-path  and  depositing  it  behind  the  bank,  1.8 
hours. 

B.  Barrow  Work, 
Constant  for  wheeling  1  cubic  yard  100  feet : 

1.  Page  126  gives,  for  common  earth,  from  .5  to  .8, — ^average,  .4 
hour. 

2.  Page  128  gives,  average  .44  hour. 

3.  Birmingham  Railroad,  page  128,  gives  .34  hour. 

4  Morin  says  one  man  can  wheel  400  lbs.  (^  3  cubic  feet), 
20,000'  in  10  hours.    Constant  per  .45  hour.    (No  return.) 

5.  Gauthey  says  removing  1  cubic  metre  a  distance  of  30  metres, 
takes  .5  hour :  constant  per  yard  for  100'  =  .38  hour. 

0.  Erie  Canal  work  with  barrows  holding  iV  cubic  yard ;  wheel- 
ers travel  250'  per  minute,  on  a  level  run ;  delays  starting,  etc.,  J 
minute.     Constant  per  yard  for  100'  =  .275  hour. 

Work  of  loading  into  a  barrow  and  wheeling  common  earth,  the 
f«*llowing  length  of  run-way,  for  a  day  of  10  hours,  on  the  Erie 
Canal  enlargement: 


Length,  In  feet, 

Cubic 

Constant,  in 

Cost  per  yard, 

of  run-way. 

yards. 

hours,  per  yard. 

at  $1  per  day. 

60 

16 

0.625 

6.25 

100 

14 

.71 

7.1 

150 

12 

.833 

8.33 

200 

10 

1.00 

10.00 

300 

8 

1.25 

12.5 

400 

7 

1.428 

14.28 

500 

6 

1.67 

16.7 

The  above  table  gives  a  constant  of  .24  hour  for  each  hundred 
feet  ajfter  starting. 

C.   Wagon  Work, 

Average  performance,  on  10  miles  of  the  Erie  Canal,  of  the  men 
in  loading  wagons,  including  picking,  and  loss  of  time  in  waiting 
Ibr  wagons  to  come  in,  etc.,  was,  per  day  of  12  hours :  sand  and 
loam,  15  cubic  yards,  constant,  .8  hour ;  clay  and  gravel,  12  cubic 
yards,  constant,  1  hour ;  hard  pan,  4  yards,  constant  3  houra ;  stiff 
day  (earth  of  \\  men.),  10  yards,  constant,  1.2  hours. 
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n  work  loboal  adviiiitnge  In  loading  iragtina.  Tlitj 
can  fill  a  wagon  containing  5  cnWc  yard  in  3  roinates.  Unload- 
iag  anc!  other  deiaye  take  S  miautcs,  and  100  fbet  at  each  end  far  i 
taming  space  aiiould  be  added  to  the  hauling  distance.  The  horss 
tTBTel  at  alioat  Ihe  rate  of  3i  miles  per  bonr,  or  330'  per  minute. 
Work  diine  in  &  day  of  10  hours,  by  a  pair  of  horeea,  woAtogi 
S  levtil  road,  with  a,  common  wagon : 


Distance  in  feet i     100 

Cubic  yards  per  day       61 

Constant  per  yard.  ■lo.lflh.lO.lO  h.[O.BS  h. 


500    1000  1500  2000  30005001] 


Up  a  slope  of  100'  per  mi!e(=  Vs>  only  }  as  much  can  bedrewn, 
TT^  "  -'"Te  of  3G0'  per  mile  (1  in  20),  only  i  ae  much  canbediawD. 

D.  Bailieas  TTorfc. 
Work  done  on  a  rail  track  with  horsea  kept  oouatantly  moTinj, 
and  liauliag  on  a  level  three  loaded  cars,  containinf;  H  yarda  each.- 
at  3^  miles  per  hour. 


Dietance  in  feet 

Cubic  yards,  per  day. 


4000   6000  1000030000 


A  limiting  distance  for  any  mode  of "  transportation  is  that  at 
which  that  mode  becomes  more  expensive  than  some  other  mode^ 

The  first  means  of  moving  earth  very  short  distances  is  by  throw- 
ing it  with  tlie  shovel,  which  can  be  done  13'  liorlzontally  and  S* 
vertically.  For  twice  that  distance  two  men  may  throw  twic^ 
and  BO  on.     The  scraper  ia  cheaper  for  more  than  13'. 

For  long  distances  and  heavy  work,  rails  should  always  be  laid 
on  which  one  horse  can  draw  several  cmb.  which  can  \ie  damped 
where  desired. 

There  is  a  certain  distance  al  which  the  variouB  modes  of  lran»- 
port  become  successively  more  expensive  than  some  other.  Thii 
limit  is  best  found  by  putting  tabular  Tesutts  of  eiperiments  in  • 
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The  average  of  many  experiments  give  the  following  limiting 

distances.    Men  shovelling  to  24'  in  two  throws. 
Scraper,    ...        .      thence  to  KXy 

Barrow, **      "300 

One-horse  cart,         .    .       **       **     i  mile 
Two-horse  wagons,   .    .      **      '*     J     ** 
Bailroad  with  horses  thence  to  1^  mUes. 
Bailroad  with  lopomotive  for  greMer  distances. 
The  horse  railroad  should  be  used  for  less  distances,  if  the  amount 

to  be  moved  is  large,  which  will  also  effect  the  preceding  limits. 
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VVhes  Ihe  depth  of  an  excayaiion  passes  beyond  a  c 
limit,  it  becomes  cheuper  to  tunnel.  To  determine  wlien  to  chnngB 
fi'iim  open  cutting  to  Wnntl :  let  e  equal  tlie  cost  of  cxcnvaiioQ  p* 
cubic  yard,  ( equal  tlie  cost  of  Ihe  tunnel  per  running  foot,  6  eqnat 
the  base  of  the  excnvation,  «  equal  the  ratio  of  the  aide  slopes 
t  the  uulcnown  deptli  at  which  the  costs  of  excavating  and  tuond" 
ling  are  equal.    Thua  we  Laro: 

Cross-aeclion  of  escayation  =  i  (6  +  *  sr), 

CoQteals  for  ODe  running  foot         ^  e  (6  +  *  a:), 
_  a  (i  +  «  a) 


Coat  of  n 


)t  of  excayatioQ  ^  - 
'  tunnel  ^  t. 


27 


■^.V&'-S). 


A  Homewliat  greater  depth  than  that  deduced  trom  the  fbnnnii 
would  be  arrived  at  before  bt^giuning  to  tunnel,  because  of  the  oi 
certainty  and  delays  of  tunnel  work. 

Dimenmont.— Width  from  24  to  30  feet  (fbr  double  tracb),  liclgtt! 
IVmn  18  to  25  fert. 

The  Mount  Cenis  tunnel  is  26i  ft  wide,  20  ft  8  in.  abore  t 
mils,  and  7  miles  1044  yds.  long.    There  ia  no  shaft.     The  depti 
of  tunnel  below  the  summit  of  the  mountain  is  one  mile. 

Tlie  dimensions  adopted  for  the  numeraus  tunnels  od  llie  Cenln 
Pacific  Itailroad  was:  width  16  ft.,  height  10,  consiethig  of  a  « 
angle  al  Uie  bottom  16  x  11,  and  a  semicircle  U  the  top,  IC  R.  h 
diameter. 
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The  H(josic  tunnel  is  to  be  24500  ft  loDg. 

Laying  them  out. — The  centre  line  is  first  set  out  on  the  surface 
of  Uie  ground  with  great  accuracy.  Then  the  line  is  carried  into 
the  adits  and  down  the  shafts. 

Construction, — The  work  is  commenced  with  a  "heading"  or 
"  driftway"  about  6  ft.  square,  sometimes  at  the  bottom,  and  some- 
times at  the  top.  In  solid  roclc  it  is  better  to  carry  in  the  heading 
at  the  top.  This  di'iftway  is  afterward  enlarged  to  the  full  cross- 
section.  Tunnels  in  earth  or  loose  rock  are  lined  with  timber  or 
masonry. 

When  the  tunnels  are  long,  shafts  are  sunk  at  convenient  places 
in  order  to  expedite  the  work.  From  the  bottom  of  the  shaft  the 
excavating  is  carried  on  both  ways,  the  earth  being  raised  in 
buckets. 

The  usual  dimensions  for  shafts  are  from  9  to  12  ft.  in  diameter. 
If  rectangular,  about  8  x  12  ft.  It  is  recommended  by  some  to 
carry  the  shaft  down  at  the  side  of  the  tunnel,  instead  of  over  the 
centre.    Sometimes  they  are  impracticable,  as  at  Mount  Cenis. 

When  the  material  to  be  excavated  is  rock,  blasting  becomes 
necessaiy.     See  page  160. 

Nitro-glyceriue  is  extensively  used  for  rock  blasting.  Much 
more  rapid  progress  can  be  made  with  it  than  with  powder.  The 
drills  used  are  smaller,  fewer  holes  are  required,  and  the  rock  is 
broken  into  smaller  pieces.  It  is  much  less  expensive,  and  if 
manufactured  on  the  ground  where  it  is  used,  and  handled  with 
proper  care,  it  seems  no  more  dangerous  than  powder. 

At  Mount  Cenis  the  drilling  was  done  by  machinery,  worked  by 
air,  which  was  compressed  by  water  power  near  the  tunnel.  The 
compressed  air,  after  doing  its  work,  was  discharged  from  the 
machine  and  seiTed  for  ventilation. 

The  alignment  inside  the  tunnel  is  secured  by  wooden  plugs, 
Inserted  into  drill  holes  in  the  roof.  The  exact  centre  line  is 
marked  by  tacks,  driven  into  the  plugs,  to  which  a  piece  of  cord 
is  fastened. 

Progress. — This  depends  on  the  rapidity  with  which  the  "  head- 
ing" or  *'  driftway"  can  be  pushed  forward,  as  the  "  bottom"  can 
be  taken  out  much  more  rapidly.  It  varies  from  2  ft.  per  day  in 
hard  /2:ranite,  to  10  or  12  ft;,  in  soft  rock  and  earth.    The  slow** 
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of  the  wiirk  ia  due  to  the  lack  of  rojm,  nnd  the  disadvantage  o( 
working  agitinat  the  Tuce  of  the  rock. 

Co»t. — In  the  United  Blates  tnnnela  coat  from  ^3.00  per  cnb.  y4 
in  sort  slatfi  U>  1(7.00  in  hard  graywacke. 

On  t.liti  Baltimors  and  Ohio  Railroad  the  average  cost  per  cub, 
yd,,  without  counting  the  Bhafts,  was  ^.60,  tlie  length  being  from 
100  to  12O0  ft.  With  the  aame  material,  escavatioiiB  in  Uie  open 
cutting  cost  about  one-fourth  as  much. 

The  Bergen  tunnel  for  the  Erie  Bailroad  is  4300  ft.  long.  33  ft. 
high,  and  38  a  wide.    It  cost  about  ^1.000,000. 

The  Summit  tunnel  on  the  Central  Pacific  Bailroad  was  tOSfl  ft 
long  niih  one  shall,  nnd  cost  about  $15.00  Igold)  per  cub.  yd.  witli 
powder,  and  $10,00  with  nilro- glycerine. 

In  England  tuunelH  for  single  track  usually  coat  from  $35.00  to  I 
$75.00  per  running  foot.  Some  have  coat  as  high  as  $150.00  pa  I 
running  fool. 

In  eartli  the  mere  excavatioit  is  a  small  part  of  the  expense.  In  I 
one  English  tunnel  tlie  cost  of  eKcavQtJng  waa  only  about  oua  \ 
fourth  as  much  as  the  propping  and  arching. 

The  principal  difficulties  met  with  ia  tunnelling  are  want  <A  I 
ventilation  and  drainage.  Headings  can  be  driven  but  a.  few  buiH'd 
dred  feet  before  artificial  ventilation  becomes  necessary.  Tho  a 
beiug  confined  is  soon  rendered  impure  by  the  respiration  of  tt 
meu  uud  the  smoke  of  the  lamps ;  and  alter  each  blast  the  amokl 
of  tlie  powder  would  make  it  impossible  to  continue  tite  work  tt 
some  time.  By  forcing  ur  through  pipes  into  Uie  heading,  I 
amoke  is  at  once  driven  out  and  pure  air  supplied  to  the  tnei 

When  a  tunnel  enters  a  hill  on  an  "  up  grade"  there  is  n< 
culty  about  drainage    but  when  the  work  ia  on  a  "  down  g 
or  from  iJie  buttunj   of  a  shaft,  the  water  whicb  collects  In  I 
working  must  be  lifted  in  buckets,  or  pumped  out. 
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BBIDGBS. 


General  Pnneiplea.--A  body  is  to  be  supported  over  aninacces- 
sibie  space.    Its  weight  is  a  force  acting  vertically.    It  can  be 
Fig.  1.  supported  only  by  the  ac-  pjg  2. 

tion  of  two  oblique  forces, 
or  pieces  supporting  it  by 
their  resistance  to  compres- 
sion or  extension;  t.  &,  by 
acting  as  struts  or  ties.  For 
^  example,  Figs.  1  and  2. 

Every  method  of  sustaining  a  material  point  in  space  may  be 
reduced  to  these  two.  A  beam  combines  an  infinite  number  of 
X>airs  of  struts  and  pairs  of  ties. 

A  series  of  points  are  usually  supported,  as  in  Figs.  1  and  2,  at 
such  distances  apart  that  a  beam  resting  on  two  of  them  will 
support  the  load  between  them.  The  combinations  supporting 
the  several  points  form  a  truss,  the  beam  being  nature's  truss. 

WeighU  to  he  supported. — The  greatest  possible  load  is  a  crowd 
of  men.  Equal  70  pounds  per  square  foot.  A  drove  of  cattle  is 
40  pounds  per  square  foot.  A  double  row  of  the  heaviest  loaded 
wagons,  with  horses,  gives  600  pounds  per  running  foot.  Calling 
each  row  six  feet  wide,  we  have  50  pounds  per  square  foot,  A 
heavy  freight  train  weighs  half  a  ton  per  running  foot.  A  row  of 
engines  weighs  one  ton  per  running  foot.  If  the  track  be  double, 
of  c*»drse  the  weight  and  the  strain  will  be  double. 

Th«  weight  of  the  bridge  itself,  is  the  first  thing  to  be  determined 
in  proportioning  a  bridge.  The  weight  of  a  good,  single-track 
v^ooden  bridge,  per  running  foot  of  span  =0.3  ton  gross  (invari- 
able), +  0.16  ton  for  a  span  of  150  ft.  (the  latter  item  increasing  as 
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Ihe  squaro  of  tlio  spaa),  +  0.3  ton  for  Uie  increase  of  the  weif  bl  bj 
Telocity.  Tbia  is  Trantwine'a  rule.  Thus  for  a  span  of  150  fee^ 
we  wUl  have  :  weight  of  bridge  =  150  x  (0.3  +  0.15  +  0.3)  = 
150  X  0.75  =  113i  gross  tons  :=  1630  pounds  per  running  foot. 

For  two  hundred  feet  span,  the  second  ilem  ia  obtained  IhoS! 
150'  :  200'  :  :  0.16  T  :  0.323  T.  Hence,  weight  per  mnning  loot 
is  0.3  +  0.223  +  0.3  =  0.822  T  =  1850  pounda. 

An  Erie  Canal  fkrm  bridge  of  six  open  panels  of  7S  feet  span, 
contains  10  cubic  feet  of  timber  per  naming  foot  One  of  411  feet 
Bpaa  contained  the  same. 

A  double  road  bridge  over  the  canal  of  BO  feet  span  containi 
23  cubic  feet  of  limber  per  running  tbot  A  railroad  bridge  of  fhur 
panels  of  30  feet  span  contains  20  cubic  feet  per  running  foot  Ons 
of  Long's  bridges,  100  feet  long,  contains  43,000  feet  B.  M.,  m 
ruliic  feet  per  running  foot  A  McCaUum'a  bridge  of  200  feet  span 
contains  50  cubic  leet  of  timber  per  running  foot,  or  avei-ages  1S09 
to  3000  pounds  per  rui 

Iron  truss  bridges  weigli  from  1000  to  3000  pounds  per  ransing 
Ibol.    Wood  weighs  from  SO  to  60  pounds  per  cubic  foot^avenigfl 
40  pounds.    Cast  iron  weighs  450  pounds,  and  wrought  i 
pounds  per  cubic  foot 

In  calculating  bridges,  assume  some  approximate  weight  for  tba 
bridge,  and  after  determining  the  necessary  sizes  (and  coDsequeutlf 
ireigbts)  of  the  different  parts,  the  calculations  should  be  ngoia 
made,  using  the  weight  of  the  bridge  just  found. 

Clattijlcatioit. — Bridges  will  be  here  classified ;  First,  As  to  their 
material;  As  wood,  stone,  iron,  or  brick,  and  these  subdiiid«dt 
Secondly,  As  to  the  manser  in  which  their  points  are  supportc^ 
viz,,  Trabeaie,  Aj^uate,  c-  °- ' — 


WOODBB  BRIDQE& 
TnzbeaU. 

The  simplest  form  of  a  bridge  is  a  planb.    NeW  to  it  is  a  pair  of' 
Umbers  witli  planks  crosswise  upon  ihem.    For  a  basly  bildg^i 
ranks  of  trees  with  smaller  trunks  laid  across  them. 
In  calculating  bridges  of  this  kind,  the  timbers  are  coDaideKd-U 
»  nipported  at  both  ends  and  loaded  uoifbrmly  wllli  Hie  gi 
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load  thAt  can  come  upon  tbem.     To  determiQe  the  weight  any 
given  heart:  in  this  conditiun  will  bear,  or 
bear  a  given  weight,  we  have  the  formula, 


r=:2 


6  ft' 


'5 

;5 


In  winch  w  represents  the  hrealibg  weight,  b  and  h  the  hroadth 
and  height  in  inches,  L  the  length  in  feet,  and  i  a  coefficient  found 
by  experiment  For  common  American  tinil^er  a  varies  from  800 
to  TOO ;  for  white  pine  it  is  410 ;  for  while  oak,  580 1  for  tama- 
rack, 800 ;  for  hemlock,  830 ;  for  red  phie,  GIO ;  for  White  ash,  600 ; 
fer  hickory,  700.      The  safe  load  may  be  taken  at  i  the  hreakiug 

When  a  span  hecomes  too  long  for  a  single  beam,  "  corbels"  are 
used,  as  in  Fig.  3.    The  Btr^n   on  them  Is  Fig.  8. 

like  that  of  a  beam  fixed  at  one  end  and 
loaded  nnifbrmly.  They  may  be  strengthened  ; 
by  stmts. 

A  series  of  such  bridges  resting  on  ^mple 
piles,  is  known  as  "  piU  bridging." 
usual  way  in  which  railroads  cross  shallow  waters.    When  Jiigh 
above  Uie  water  they  are  called  "  IrttU^  worK'  bridges. 

Fig.  4  shows  the  arrangement  ot  the  piers  for  the  railroad  pile 
bridge  across  the  South  Platte.  The 

piers  are  placed  sixteen  feet  apart.     °"    

There  are  foar  piles  about  one  foot 
iu  diameter  in  each  pier ;  the 
middle  ones  being  G  feet  apart,  and 
the  outside  ones  4J  feel.  Sway 
braces,  8"  x  10"  and  14  feet  long, 
sre  bolted  to  the  piles. 

The  greatest  trestle  bridge  is  Ute 
Portage  High  Bridge.  It  is  800  feet    " 
long  and  190  feet  high.    Contains  1,600,000  feet  B.  M.  of  wood, 
and  109,000  pounds  of  bolls. 

Gmaparative  eoit  of  trmlie  teorh  and  earth  viark.  For  five  feet 
high,  trestle  work  costs  four  times  as  much  as  earlU  work.  The 
Porbtge  Bridge  cost  only  a  quarter  that  of  earth  work.  The  cost 
of  earth  work  increases  nearly  as  the  square  of  the  hdgbts.    The 


] 
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cost  of  trwUe  work  increases  dbotU  as  liie  f  power.  Making  tin 
heights  the  absdssas,  and  the  oof.t  the  ordinaues,  the  curve  for  ths 
earth  work  will  be  a  common  parabola,  and  for  trestle  yroA  i 
semicabical  parabola. 

CLASfilFIGATIOH  OV  BBIDGB  FBAMB& 

Class  L  The  ooUque  jrieees  all  retist  compression, 

1.  The  weight  is  transferred  to  the  abutments  directly. 

2.  The  weight  is  transferred  to  the  abutments  indirectly;  m 
Long's,  Howe's,  etc. 

8.  Combinatioi^s  of  sub-classes  1  and  2;  as  Latrobe's. 

Class  IL  The  otUque  pieces  aU  resist  extension. 

1.  The  weight  is  transferred  to  the  abutments  directly ;  as  Boll- 
man's,  etc. 

2.  The  weight  is  transferred  to  the  abutments  indirectly,  being 
conveyed  to  the  oblique  ties  by  vertical  posts ;  as  Linville's,  etc 

3.  Combinations  of  sub-classes  1  and  2 ;  as  Fink's. 

Class  ill.  The  obliqtiepiecei  are  (lUerncUely  compressed  arid  exisndid. 

The  weight  is  transferred  to  the  abutments  indirectly ;  as  War- 
ren's, etc. 
Arched  Biidges  are  polygonal  modifications  of  Class  I. 
Suspension  Bridges  are  polygonal  modifications  of  Class  IL 

Class  I.  Th£  oblique  pieces  all  resisting  compression, 

1.  When  the  weight  is  ti'ansfeired  to  the  abutments  directly,  as 
in  Figs.  5,  6,  7,  etc.  ^^  5 

In  Fig.  5,  the  middle  point  being  sup- 
ported, twice  the  span  can  be  obtained  with 
the  same  strength  of  beam.  One-half  the 
weight  is  borne  by  the  struts.  In  calculating 
the  strain  on  a  pair  of  struts,  as  a  b  and  a'  b, 
the  effect  is  the  same,  whether  the  weight  -H 
rests  directly  on  the  top  of  the  struts  or  is  suspended  beneath 
them. 


APPBliTDIX  E. 


431 


CAIjCUULTIONS. 

GoDstruct  a  parallelogram,  having  for  one  diagonal  a  line  b  f, 
representing  the  number  of  units  in  the  weight, 
and  haying  its  sides  parallel  to  the  struts. 
These  sides  will  represent  the  strains  on  the 
beams  to  which  they  are  parallel.  Let  t 
represent  the  thrust  in  the  direction  of  their 
length,  h  the  horizontal  thrust,  and  w  the 
weight    Then  we  haye, 

W  :  t  ::  bf  :  bd; 

: :  3bb  :  bd, 

: :  2bc  :  B  A. 


Hence, 

By  similar  triangles. 


BA       ,      length 
t  =  |w  —  =  iw      °     =iw 
'      BO      '        rise 


cosec. 


BB 

Hence, 


D  B  : :  B  c 


AC. 


i  w  :  A  : :  rise  :  i  span. 


A  ^  i  w  -?—  =  i  w  cot.  A. 
rise 


Any  change  in  the  obliquity  of  the  beams  increases  or  dimin- 
ishes the  strains,  as  can  readily  be  seen  from  the  formulas.  The 
length  of  the  beams  has  no  effect  on  the  stresses,  but  the  strength 
of  a  beam  decreases  as  its  length  increases. 

NoTB. — Safe  loads  for  wooden  posts,  whose  crushing  load  is 
6000  lbs.  per  square  inch. 


BntLo  of  leugth  to  side. 
1 


Safe  8tre»8  in  lbs.  per  Bq.  inch. 
900 


10. 
15. 
20. 
25. 
80. 
85. 
40. 
45. 
60. 
55. 
60. 
65. 
70 


800 

690 

560 

420 

340 

280 

225 

175 

130 

105 

85 

70 

60 
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t  square,  take  Ihe  ratio  of  the  length  t 


If  the  poal  IS  r 
amalleat  dimenaioD, 

Two  points  Diiiy  be  supported  in  space,  m  in  Fig.  7.     Bach  | 
has  one  long  and   one   short  strut ;  ire  will  Pig.  T. 

calculate  one  pair  separately.     Let  the  pair  at  _^ 
the  left  be  represented  by  Fig.  8. 

Let  Uie  wt,  =  1500  lbs.  Let  each  inch  of  ~ 
the  diftgonal  represent  5O0  lbs.  Let  the  angle 
of  the  beams  ^  100°,  the  one  making  an  - 
an^k  of  60°  with  the  rertical,  and  the  other  ~ 
an  angle  of  40*.  Required  the  strain  on  the 
two  beams,  a  b  and  a  0.    (The  Fig,  is  not  drawn 

1.  GraphieaBy.  Set  off  on  the  vertical  3", 
and  complete  the  parallelogram  aa  before.  The 
proportions  of  the  wl  borne  by  b  and  o  are, 
respectJTely,  a  g  ^  d  h  and  i  h  ^  d  o.  When 
B  and  c  are  at  different  heiglita,  to  find  the  portion  of  the  n 
by  each,  draw  the  linea,  not  horiKOntal,  but  parallel  to  b  o. 

2.  TTigoKo^aetHadly, 

w  :  strain  onAB::AD;A&::  sin.  A  K  i>  :  bin.  a,  i 


Resolving  these  atraina  into  their  Terlical  and  horizontal  con 
ponents,  we  shall  find  that  Ihe  horizonlal  pressure  of  one  of  U 
beams  exactly  equals  that  of  the  other,  wiialerer  lie  lie  d 
of  their  inclination  to  tlie  vertical,  and  lli.'it  the  sum  of  the  tw 
vertical  componenia  equals  the  whole  weight.  The  numeria 
calculation  of  these  componenia  ia  made  aa  before  trigononM 
ri  colly, 

When  tlie  span  and  heigbca  of  the  BlruiH,uid  hence  their  k 
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are  given,  we  have  more  simply :  the  weight  supported  at  either 
non-Hdjacent  segment 


end  ^  w  X 
That  U  the 


whole  span 

E  0 

Weight  supported  at  b  =  w  x  — ; 

B  ML 

Weight  supported  at  o  =  w  x  —  ; 
Thrust  on  A  B  =:  weight  on  b  x  —  • 
••  A  0  =  weight  on  0  X  — . 

AK 

bk 


u 


KO 


Horizontal  thrust  =  weight  on  b  x  —  =  weight  on  o  x  — . 

Instead  of  supporting  the  two  points  by  two  pairs  of  struts,  as 
Fig.  9.  ^^  Fig.  7,  we  may  em-  pi^.  lo. 


p.  ploy  two  struts,  and  a  c 


B^^  ^  straining   beam.  Fig.  9. 
The  calculations  are  the 
same,  as  for  Fig.  12.        y^ 
Four  points  may  be  ^ 
supported  in  a  similar 
manner  by  two  pairs  of  struts  and  two  straining  beams,  as  in 
Fig.  10. 

This  principle  may  be  extended  to  great  spans,  but  long  timbers 
are  hard  to  get  and  are  weaker.  A  bridge  at  Wettingen,  on  this 
plan,  has  a  span  of  397  feet 

In  many  cases,  supports  from  below  may  be  objectionable,  as 
exerting  too  much  thrust  against  the  abutments,  and  being  liable 
to  be  carried  away  by  treshets,  etc.  The  beams  must  in  such  cases 
\sz  strengthened  by  supports  from  above,  as  in  the  following  class. 
2.  When  the  weight  is  transferred  to  the  abutments  indirectly, 
being  conveyed  to  the  oblique  struts  by  vertical  ties. 

The  simplest  form  of  this  class  is  a  pair  of 
struts,  Fig.  11.  The  calculations  for  this  are 
the  same  as  for  Fig.  5. 

Bridges  built  on  this  plan  can  be  used  on 
milroade  for  spans  of  from  10  to  25  feet. 
For  longer  spans  (say  up  to  85  feet)  two 
struts  and  a  straining  beam  may  be  used.  Fig.  12. 

19 


Fig.  11. 
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Valculaiiitns.  With  loads  w  and  w'  on  c  and  c',  the  bI 
ana'.ogoaii  to  Fig.  6.  Consider  the  upward  reaction  a1 
which   ore  each   equal   to  pig,  ja. 

w.      Then,     the    triangle, 

^w ;  horizontal  a( 

™  w  — .    All  ilie  stre  

Bi-e  the  same  as  if  the  strutB,  AC  and  a'c',  were  produced  upwarf> 
to  meet,  and  the  whole  load  (w  +  w")  placed  at  that  point,  a 
Pig.  6. 

Suppose  the  load  on  A  a' to  be  tmiform,  and  supported  by  rodl^ 
B  c  and  b'  c' ;  a  a'  not  to  be  cociinunus,  but  l<i  be  divided  il 
B  and  b'.  This  corresponds  to  the  weight  on  c  and  c'  in  Fig.  t 
If  the  beam,  a  a',  be  coatinuous  and  level,  theu  4i  ^ 
b'  c',  and  ^  on  A  and  a'.  This  is  safest  to  take,  being  greafctf 
though  it  is  not  generallj  done.  In  either  case,  calling-  w'  tlie  1( 
on  B  O  or  b'  c',  then  the  horizontal  thrust  on  C  o'  and  the  ptlQ  \ 
,  span       ,       span 


BO 


-w'ir-r  =i'W' 


The  U 


1  CA  andc'  a'=w'  - 


If  a  similar  load  1 


i  oa  top. 


Btrepses  would  be  the  same. 

When  a  bridge  of  this  form  is  reversed  the  stresses  rei 
same  except  that  the  former  stresses  of  compression  Lave 
extension,  and  tiee  tcna.    This  arrangement  may  be  extended 
any  number  of  panels.    It  in  preferable  for  materials,  like  wodi 
and  wrought  Irou,  becaase  the  shortest  pieces  are  exposed  to 
prussion.    A  large  number  of  points  may  he  supported  in  the 
way. 

Suppose  a  tiniform  load.  Fig.  IB. 

w,  on  a  beam,  a  a',  Fig.  la.  d  a  ly 

Each   post   or    vertical   tic 
supports    i  w  ^  w'.     The 
Lis,  KB  and  eb' 
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from  Fig.  6.  They  produce  a  horizontal  strain  at  B  and  on  b  b' 
:=  i  w'  — .     The  weight  on  d  or  d'  =  w'  +  i  w'  =  f  w'  (i  w' 

CB 

being  transferred  from  e).    Consequently,  d  a  and  d'  a'  have  a 

A  D 

stress  =  f  w'  —  .    They  produce  a  horizontal  strain  on  d  d'  and 
B  D  '' 

A  a'  =  f  w'  — .    The  horizontal  strain  b  b'  =:  the  sum  of  the  two 

DB 

horizontal  strains  =  (iV  +  i  wO  i  ??^  =  i  w  *J?52  =  i  ^  !??5. 

Bo  proceed  for  any  number  of  panels.  It  will  be  found  that 
the  strains  on  the  posts  and  on  the  struts  increase  in  a  direct  ratio 
to  the  distance  from  the  centre.  Their  sti'ength  and  size  should, 
therefore,  be  increased  in  the  same  ratio.  The  strains  on  the  top 
and  bottom  beams  increase  from  the  ends  to  the  middle,  but  not  in 
a  direct  ratio.  The  increase  is  most  rapid  as  you  proceed  from  each 
end,  and  becomes  less  rapid  on  approaching  the  centre  or  middle. 
It  is  analogous  to  that  of  a  solid  beam,  in  which  latter  case  the 
relative  increase  is  indicated  graphically  by  a  parabolic  curve. 
The  usual  formula  for  the  horizontal  stress  on  a  frame>  caused 

by  a  uniform  load  (i  w  -^ — ),  supposes  the  weight  to  be  uniformly 

applied  at  the  ends  of  the  struts,  as  well  as  distributed  uniformly 
over  the  roadway.  This  is  the  case  in  frames  which  have  an  even 
number  of  panels ;  but  is  not  so  with  those  of  an  uneven  num- 
ber.    For    example,  with    three  panels,  the    horizontal    stress 

,      span       -      «  ,1       span 

=  4  w  -f~  ;     for  five   panels  ^  w  -^. —  ;     for    seven  panels 
nse  O3       rise 

=  ^  w  -^ —  ;     and  generally  for  n  panels  (n  being  uneven) 

^V       8^*/ ^  rise- 

We  now  see  that  all  truss  bridges  are  composed  of  three  sys- 
tems or  sets  of  pieces :  1.  Chords  or  stringers,  horizontal,  or  nearly 
so.    2.  Ties  or  posts,  vertical,  or  oblique.    8.  Struts. 

With  these  three  elements  bridges  may  be  constructed  of  several 
hundred  feet  span,  and  bear  safely  a  load  uniformly  distributed : 
but  unless  very  heavy  they  will  not  bear  safely  a  partial  load. 
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Counter-hrofing.     A  bridge   uniformly  londed  teoda 
tbe    fnnn    indicnlPd     by  Fig.  14. 

dotWd  lines  in  Fig.  14, 
In  which  tbe  rectangular 
panels  become  rhom- 
lioida.     This   tendency  is 

restated  l>y  tne  Btrula  wbich  must  be  f;onipressed  ur  broken  ' 
ttiis  tendency  can  be  carried  out. 

But  let  u  pasaing  load  be  at  some  point,  o,  of  tbe  bridge, 
supported  finally  by  the  points  a  and  b.     The  directions  of  JH 
pi'esBure  tire  CAimd  ob,  and   the  force,  c  a,  tends  to   taake 
bridge  rise  at  d,  and   to  piR.  is. 

assume  (he  form  shown 
by  the  broken  hnea  in 
Fig.  le.  The  strula  do 
not  resist  this  action,  for 
tlipy  now  occupy  the  lorg 
diagonals.  This  tendency  must  be  resisted  by  fast-ening-  tLe  en 
of  the  struts  to  the  chorda,  or  putting  tie-rods  beaide  them,  or  as 
must  usual  by  counter-braeti,  i.  «.,  bruces  placed  in  the  olhcr  dU 
onnis  of  tbe  panels.  The  bridge  cannot  now  rise  as  indlcaO 
in  Fig.  15,  wilhout  breaking  or  bending  tUcse  counier-bracea. 

This  countcr-i)racing,  therefore,  checks  the  up-and-down  Tlbl 
tioDs  of  a  bridge,  and  renders  it  etiff  against  pamng  loads,  wU 
the  main  braces  give  it  strength  to  bear  uniform  loads.  In  M 
heavy  bridges  their  weiglit  may  reador  couater-braduK  tinneot 

The  strain  on  a  cjDunter-brace  equals  the  greatest  weiKhl  whi< 
can  ever  press  upon  any  point  of  the  bridge,  multiplied  by  ll 
length  of  the  counter-brace,  divided  by  its  height  In  a  milroi 
bridge  this  greatest  weight  would  be  the  load  »d  h  p^r  of  Ann 
of  an  engine.  On  a  common  road  bridge  it  would  be  the  gmtfl 
load  between  a  pair  of  posts.  Thia  system  of  couniet^bnoea  wi 
first  fully  carried  out  by  Colonel  Long. 


LONQ  B   BKIDQB. 

The  joints  and  (listenings  are  simple,  the  s 
d^ect,  and  any  piece  can  be  cosily  Tt-mored  and  r 


Ihedmbor, 
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principal  nieces  are  of  timber.  In  very  long  spans,  struts  (called 
arch-braces)  are  placed  under  the  ends,  and  a  roof  truss  in  tho 
middle  of  each  truss,  or  a  pair  of  struts  and  a  straining  beam 
along  each  side. 

The  peculiarity  of  Long's  bridge  is  in  the  mode  of  ke3ring  the 
counter-braces.  They  are  keyed  or  wedged  so  strongly  that  the 
string-pieces  are  constantly  pressing  against  them,  and  when  a  load 
comes  on  the  bridge  its  only  effect  is  to  relieve  the  counter-braces 
from  the  pressure  against  them  and  to  transfer  it  to  the  main  braces. 

Thus  there  is  no  more  strain  on  the  bridge  when  fully  loaded 
thftnwhen  unloaded;  only  the  strain  is  on  different  parts.  The 
effect  of  this  mode  of  keying  is  the  same  as  if  the  string-pieces  had 
been  originally  curved  upward,  or  ai'ched,  and  then  brought  down 
straight  by  weights  hung  to  them,  the  counter-braces  then  wedged 
tight,  and  finally  the  weights  I'emoyed. 

A  load  now  coming  on  the  bridge  puts  it  in  the  same  condition 
as  it  was  before  these  imaginary  weights  were  removed,  t.  «.,  it 
takes  the  strain  off  the  counter-braces.  There  is,  therefore,  a  con- 
stant pressure  which  makes  the  bridge  very  stiff. 

HOWE'S  BBmGB. 

In  this  an  iron  rod  replaces  the  vertical  post  These  bridges  are 
very  generally  used,  but  are  not  durable.  The  expansion  and  con- 
traction of  the  rods  strain  the  bridge  out  of  shape  and  require  con- 
stant screwing  up.  Extra  struts  at  the  end  are  usually  added, 
sometimes  extending  to  the  abutment  under  the  bridge.  An  im- 
proved form  of  angle  block  is  now  used  to  prevent  crushing  the 
iower  chord  by  the  nut 

mccallum's  bridge. 

Its  peculiarity  is  that  the  upper  chord  is  arched.  The  ends  are 
also  strengthened  by  struts,  or  "  arch-braces"  (so  called),  thrusting 
against  the  abutments.  This  bridge  is  very  stiff,  but  uses  much 
timber.  Altogether  it  is  one  of  the  very  best  railroad  bridges.  Its 
counter-braces  are  adjusted  by  screws.  Sometimes  iron  rods  are 
added  near  the  ends,  so  as  to  suspend  that  part  of  the  bridge. 


In  tlii«  bridge  two  Byelenta  are  combined :  viz.,  that  of  longstndll 
U-anaferring  the  weight  direcUy;  aod  that  of  s 
Iranafciring  the  weight  indirectly.  The  adTisabililj  of  any  soils 
ComhinutiOD  is  questionable,  owing  to  the  iai]>osEibililyof  bo  (djinfc 
in£  the  two  that  they  shall  hear  their  exact  proportions  of  Ihe  la  ' 

CliISs  II. — The  oblique  piee^  aU  retiM  extention. 

This  is  rarely  used  for  wooden  hridgea ;  chiffly  for  iron  bridf 
Hall's  and  Pratt's  briiigeB  belong  in  this  class.     The  prindpleil 
gnod ;  ihe  shculer  pieces  being  compressed  in  wLich  way  t 
resist  most  advantageously. 

In  calculating  the  stresses  on  oblique  ties,  we  apply  thi 
formulas  aa  for  slruts.     The  strain  is  now  one  of  extension  inslnd. 
of  conipresaion.     For  a  pair  of  ties,  the  lioriEontftl  strain  prodncat 

by  a  weight,  w  =  i  w  -j — <-—- — ,  and    llie    strain    on    each   ti« 
■'  "  depress! -- 

JepreBBVon" 

ClasiB  in  —  The  uUiqvs  pieces  are  alternately  eempreutd  m 
The  weight  is  tmnaferred  to  the  abutraenis  indirecllr. 
In  Ihe  preceding  liirnis  llie  lies  were  veilirjil  and  I 

.lined.     InFig.iaholhdes  p|„  ,^ 

and    struts     are    inclined 

Tlie  atreaaes,  however,  fol-        /  \         /  \ 

low  similar  lawa.     With  a 

uniroroi  load,  w,  such  oa  its 

own  weight,  the  vertical  strain  increases  uniforuily  frnm  Ihe  middl 

where  it  equals  zero  towani  the  end  where  ll  equals  j  n 


from  end,  or  a"  from  middle,  it  equals  w  . — -.     The  strain  onuffl 
diugonal   whose    mi-hile   is  it"   from   the   middle    of   the  1 

"'     '^oS^-    The  ..«™uu  .«..„..„ 
1  w  -^^-.    Al  any  point  *"  from  middle  or  a"  IhuB 
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it  =:  -—  X  — — ^ — -^.  diminishing  from  the  centre  to  tlie  ends 

2         span  X  depth 

in  tlie  ratio  before  shown  by  a  parabolic  curve. 

When  th^  loads  are  applied  along  the  top  or  bottom,  or  along  both. 
The  distance  a/  and  «",  in  the  preceding  formulas,  are  measured 
to  the  tops  of  the  diagonals,  when  the  load  is  attached  to  the  bot- 
tom of  the  beam ;  to  the  lower  ends,  if  it  be  on  the  top ;  and  to 
their  middle,  if  the  load  be  equally  on  the  top  and  bottom,  as  its 
own  weight 

Bridges  of  this  form  are  called  "  Triangular  girders,"  or  "  War- 
ren's," or  "  Neville's/*  If  the  number  of  oblique  pieces  be  doubled, 
then  each  sustains  half  the  above  strains. 

town's  lattice. 

This  is  a  lattice  of  common  plank.  It  is  easily  made,  but,  though 
strong,  is  deficient  in  stiffness.  The  material  is  not  advantageously 
disposed,  too  much  of  it  being  near  the  "  neutral  axis."  It  soon 
gets  loose  and  sags,  or  twists  sidewise,  i.  «.,  buckles.  It  is  some- 
times strengthened  by  long  struts  and  straining  beams,  or  by  arch 
ribs.  To  calculate  a  lattice  bridge,  consider  the  truss  a  solid  beam 
with  holes  cut  out  of  it  whei:e  the  spaces  in  the  lattice  are. 

MISCELLANEOUS  DETAILS. 

1.  T/ie  ratio  of  height  to  length.  This  is  important.  The  most 
economical  is  i.  Short  spans,  requiring  great  strength,  may  have  i. 
In  long  spans  this  would  give  the  wind  too  much  hold,  and  the 
sides  would  twist  or  buckle.  Then  for  great  strength  use  i  or  j, 
while  for  moderate  length  and  stress  -jV  naay  do. 

2.  Horizontal  braces  or  sway-braces.  They  are  to  prevent  lateral 
flexure.     The  greatest  possible  strain  on  them  pig.  17. 

is  the  wind,  which  operates  as  a  uniform  load. 
They  are  shown  in  plan  in  Pig.  17. 

3.  &,iffening  the  sides.  When  the  roadway 
16  on  top  ("  Deck  bridges")  use  transverse  vertical  bracing,  extend- 
ing from  the  top  chord  of  one  truss  across  to  the  bottom  chord  of 
the  other  truss.  When  the  road  is  not  on  top,  extend  the  needle- 
beams  beyond  each  side  of  the  bridge,  and  brace  the  top  chord  from 
it ;  otherwise  make  gallows  frames. 


X 

X] 

X 
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4,  Wedgvn^  up  t?is  tndt  of  thf  lower  e/utrda.  This  produces  u 
Initial  Hlrain  of  corapressioD.  which  the  stresB  of  the  load  mW 
overcome  before  it  begins  to  bring  a  etraia  of  cxtcnsioD  upon  thia 
lower  cbnrd.  The  lower  chord  then.  Eicls  somewhat  as  as  ardi. 
Au  objection  ia  that  it  makca  ttie  Btrength  of  th-)  bridge  depend 
upon  Ihe  reaistance  of  the  abutmeaL 

B.  Double  Toadvias.  lu  important  bridges  it  is  best  to  hate  eadi 
track  separate  to  prevent  a  one-sided  Btrun. 

6.  DurnbCilg.  An  uncovered  wooden  bridge  is  seldom  safe  fo 
more  thnn  eight  or  lea  jears.  If  covered,  sidea,  and  'well  painl«d, 
it  may  last  tliir^  or  for^  years.  Some  have  been  used  fifty  or 
sixty  years. 


A  beam  resting  on  two  supports,  stislSiina  a  load  by  the  e< 
sioii  of  ils  upper  flbrea,  and  the  estensioa  of  its  lower  fibres.  If 
we  confine  the  ends  of  the  beam  by  immovable  obslaclee,  these  wiH 
be  substitutes  for  the  tension  of  tlie  lower  libres,  which  may  llier«- 
fore  be  removed  without  lessening  the  strength  of  the  beam,  as  may 
also  the  extreme  portions  of  Ihe  upper  fibres.  So  too  a  board 
laid  oil  two  supports  will  bear  a  certain  weight,  Bend  it  up  and 
confine  its  ends  and  it  will  bear  a  much  greater  weight.  This 
principle  may  be  adopted  in  buildhig  bridges  of  considerable  spaiL 
Bla'oug,  clienp  bridges  may  he  made  by  forming  an  arch  of  planks 
One  such,  with  a  span  of  130  feet,  rise  14  feet,  was  formed  of  V 
plank  in  IS  layers  and  30"  wide.  Three  locomotives  on  it  cauacd 
a  deflei;tion  of  only  V'-  The  roadway  may  pass  either  o 
lop,  resting  on  posts  and  struts,  or  be  at  the  springs  and  thus  nctas 
a  lie-beam,  .beirg  suspended  from  the  arch.  It  is  then  called  a 
"  Uowstring"  bridge. 

Pei'hut>s  the  strongest  and  cheapest  form  of  bridge,  where  abat- 
menla  can  be  obtained,  would  be  a  parabolic  arch,  increasing  in 
cmsB.Bectlan  ft'om  crown  to  spring,  according  to  stress,  and  Bdff- 
tned  by  nunnter-brocing.  The  countir-braces  may  be  wedged 
down,  VI  in  Lons's  bridge,  and  thus  made  very  stiff,  as  well  al 

Douiile  or  parallel  archea  are  always  bad.   Supposf  lliu  "  nrutnl 
.  kxlfl"  to  paas  near  the  middle  of  the  lower  aidt  rib.   Ojil^  lutlf  Uj 
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strengtli  of  the  timber  is  used,  being  the  upper  portion  of  the  upper 
arch  rib,  and  the  extreme  portion  of  the  lower  arch  rib.  The  Erie 
Raih-oad  Cascade  Bridge  was  built  on  this  plan.  Span,  275  feet ; 
rise,  45  feet 

Combination  of  an  arch  and  trtLSs,  This  is  much  used,  and  its 
expediency  is  advocated  by  some  eminent  engineers.  There  are, 
however,  grave  objections.  It  is  impossible  so  to  combine  them 
that  the  arch  and  truss  shall  each  bear  its  due  share  of  the  pres- 
sure. One  will  give  way  before  the  pressure  comes  on  the  other. 
One  of  the  best  combinations  is  Burr's  bridge.  The  relative  stress 
on  the  arch  and  truss,  of  a  combination,  maybe  so  adjusted  by  set- 
screws  as  to  throw  any  desired  portion  of  the  stress  upon  either 
the  arch  or  the  truss ;  but  this  ratio  will  be  changed  by  every 
passing  load,  and  by  every  change  in  the  temperature. 

It  an  arch  be  used,  and  the  abutments  will  allow,  it  is  best  to 
depend  for  the  whole  strength  upon  it,  and  to  employ  a  tmss 
merely  to  stiflFen  it. 

Wooden  Suspension  Bridges.  Wood  is  rarely  employed  in  this 
way,  notwithstanding  its  greater  strength  to  resist  extension  than 
compression,  because  of  the  loss  of  material  caused  by  the  neces- 
sary bolts  and  straps.  A  bridge  on  this  plan  was  built  by  Burr 
across  the  Mohawk  at  Schenectady,  N.  Y.,  in  1808,  and  is  still 
(1871)  in  use. 

Lave's  Bridge.  This  is  a  combination  of  a  wooden  arch  and 
suspensioQ  bridge.  Fig.  18.  A  timber  is  sawn  nearly  through 
lengtliT^  ise,  its  ends  con- 
fined, and  the  middle  por- 
tions are  wedged  apart. 
It  will  now  bear  a  much 
greater  load  than  before. 
Two  timbers  may  be  thus 
combined.  For  great  spans,  the  upper  and  lower  portions  may  be 
formed  by  splicing  timbers.  The  principle  is  good.  It  is  recom- 
mended for  military  bridges. 

Wooden  bridges  have  been  extensively  used  in  this  country,  on 
apcount  of  their  cheapness ;  timber  being  plenty  and  capital  limited. 
They  are,  however,  faulty  from  their  elasticity  and  consequent 
vibration,  and  their  perishable  nature. 

19* 


Fig.  18. 
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Iron  bridges  nre  employed  with  great  Buccesa,  and  llieir  nse  1 
increasing,  Tliey  have  tlie  req^uisite  rigidity;  and  allliougli  (I 
first  cost  is  greater  tlian  for  wooden  bridges,  their  imperisbsU 
natnre,  ir  well  cured  for,  reodurs  lliem,  in  a  majority  of  coses 
economical. 

IRON  BRTOGEB. 

They  are  divided,  lilie  wooden,  into  Trabeate,  Arcnate,  and  Sa» 
pension.  The  stresses,  strains,  and  calculations  are,  of  course,  tlw 
saniti  for  tliem  as  for  wooden  bridges ;  only  using  the  experimenuli 
coefficient  of  strength  for  iron,  cast  or  wronglit,  ittsteitd  of  Uiat  fbr 


I.  Trabbatb, 

1.  Cast  iron  gir^ri. 

Simple  girders.     Built  gii'ders.     Trussed  girdeiB. 
8.   WTowffht  irvti  girden. 

I-ehapcd  beams.    Box  or  Iiibukr  girders. 
8.  Wnmght  iron  trtiu  worh. 

Post's,  Fink'^j,  Bolliuaa's,  Wliipp'e's,  Rider's,  UeaOi^ 


I    Trabeate  Ibos  BniDosa 


RdaUte  strength  of  caat  iron  beitms.  Fig.  19  (n)  is  a  fross-scclion 
of  a  beam  made  by  Boulloii  &  Watla  in  IBOl.  It  was  improveii 
by  Fairbaim  in  1835,  llie  verlical  rib  being 
made  tliinner  and  the  lower  flange  thicker  (b). 
Tredgold's  beam  (e)  has  equal  upper  and 
lower  flanges.  The  strongest  form  is  Hodg- 
ktnson's  (f?),  the  lower  flange  being  s' 
the  upper  one.  The  relative  strength  of  these 
beams,  nodgkinson's  being  token  as  unity, 
is :  Bonlton  &  Walla',  0,B1 ;  PiiirbabTi's,  0.75 ; 
Tredgold's,  0.03;  and  Hodgkinson's,  1. 
For  short  disiances,  a  single  girder  may  be  used  for  cacli  mlL 
[)  or  40  feel,  use  two  girdian  on  each  side,  with  a  timlief  h* 
^weun  Hum  to  carry  the  ruL 
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The  greatest  possible  load  should  not  exceed  one-sixth  the 
breaking  weight  The  test  load  should  be  about  twice  the  greatest 
load,  or  about  one-third  the  breaking  weight.  The  deflection  un- 
der the  permanent  load  should  not  be  more  than  j^s  of  the  length. 
A  "  camber"  of  1  in  300  should  be  used.  One  girder  76  feet  long 
has  been  cast. 

Built  girders.  For  spaces  too  long  for  simple  girders,  built 
girders  are  used,  fitted  closely  at  the  joints  with  flanges  there 
bolted  together.    Spans  of  120  feet  have  been  thus  crossed 

Fig.  20. 
A'  C  A  Fig.  21. 


I 


m 


Trussed  girders.  Cast  iron  beams  sometimes  have  wrought  iron 
tension  rods  applied  to  them,  as  in  Figs.  20  and  21,  with  the  object 
of  strengthening  the  lower  flange ;  the  two  rods  helping  it  to  resist 
extension.  The  rods  are  tightened  by  screws  or  wedges,  so  as  to 
have  any  amount  of  initial  tension  in  advance ;  but  it  is  difficult 
so  to  adjust  the  two,  that  each  shall  bear  its  share  of  the  strain ; 
and  even  if  this  adjustment  were  once  made  it  would  be  altered 
after  any  strain,  owing  to  the  different  "  wte"  of  wrought  iron  and 
cast  iron .  Since  for  respective  stresses  equal  to  f  breaking  weight 
for  each  (say  5  tons  per  square  inch  for  cast  iron  and  15  tons  for 
wrought),  the  elongation  for  wrought  iron  is  2i  times  that  of  cast, 
and  its  set^  10  times  as  great  as  that  of  cast.  This  adjustment,  and 
with  it  the  strains  coming  on  each,  would  also  vary  with  every 
change  of  temperature,  since  wrought  iron  expands  with  heat  more 
than  cast  iron.  The  combination  is  therefore  bad.  Cast  iron  is 
never  safe  for  girders ;  wrought  iroia  should  be  used. 

Wrought  iron  bridges.  The  resistance  of  wrought  iron  for  rail- 
r(»ad  bridges  is  safely  8600  pounds  per  square  inch,  or  about  \  of 
its  breaking  weight.  For  common  road  bridges,  11,400  pounds. 
These  are  safe  limits.  In  England,  11,400  is  used  for  railroads,  and 
18,000  for  cast  h*on.  The  greatest  possible  load  for  an  iron  rail- 
road bridge  is  in  Austria  called  2800  per  rmning  foot  for  each 
track;  in  Russia,  1600;  in  France,  2700;  in  England,  2300  to 
^400. 
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The  proper  trial  load  may  be  from  40  to  80  pounds  per  sqatR 
foot  of  roadway,  according  lo  the  probabilities  and  importanraj  of 
tile  brid^ 

1q  France,  iron  railroad  bridges  are  by  law  tested  tlius;  For 
epons  under  G4  fbet,  3300  pounds  per  running  foot ;  aad  for  spau 
OTcr  thai,  2040  pounds  per  mnninp  foot  is  used;  but  the  load  i| 
this  last  case  must  be  at  least  300,000  pounds. 

Wrought  iron  resists  estcusion  much  more  than  compressioOi 
therefore  the  oompreased  paits  of  wrought  iron  beams  (the  upptf 
flange  of  abeam  suppoited  at  both  ends)  should  be  nearly  m  2:1. 
They  are  usually  made  nearly  the  same,  siace  for  small  sti'ai 
resiatjmces  are  about  the  Bame. 

Bridges  of  \-iihaped  beami.  Up  lo  S^  feet,  a  single  rait  would 
aoswer.  From  that  lo  five  feet,  double  rails,  lulled  to- 
frelher  by  ilie  lower  flange.  A  common  form  tor  a 
wrought  iron  girder  is  shown  in  Fig,  23.  The  dimen- 
!:lon»  will,  of  course,  depend  on  tlic  span.  The  osiial 
ratio  or  depth  to  span  is  about  I  to  14.  Parabolic 
piders  have  been  used, 

{ii.r  or  tubular  girders.    The  ultimate  tenacity  of  plate 
girders  with  double  riveted  covfiring  plates,  is  45,000  pounds  p«r 
square  inch  of  cross-section.     The  ultimate  resistance  to  crusbtiV 
is  38,O0P  pounds  per  square  inch.    One  such  bridge  has  a  span,  of 
150  feet,  tlie  gii'ders  being  13  feet  high  and  3  feet  wide. 

Anotlier,  of  two  tul)ular  beams,  of  170  feet  span,  weighud  ISB 
tiiUs.  groas,  and  cost  $100  per  ton,  equals  J76  pet  foot  Another, 
or  one  girder  of  76  feet  span,  cost  #100  per  ton,  and  |42  per 
foot 

When  the  beams  are  small  aad  liable  to  gi?e  way  by  beodln;;, 
use  tlio  formula  for  wrought  iron  posta.  When  the  thickness  of 
the  plates  is  not  less  than  A,  the  diameter  of  Ylg.  n. 

a  square  tube,  the  ultimate  resistance  of  ii  lo 
buckling  or  bending  is  27,000  pounds  per 
square  inch  of  the  crosa-secUon.  Pig.  23 
Eiinws  the  common  form  of  tubular  girders. 


Fur  small  spans  each  line  of  rail  n 

tulw.     For  greater  spans,  each  line  of  rails 
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will  have  a  pair  of  them.  For  still  ^eater  spans,  the  roadway 
may  go  through  the  tube.    For  example,  the  Britannia  bridge. 

The  Britannia  tubular  bridge,  over  the  Menai  Straits,  has  two 
spans  each  of  460  feet,  and  two  of  250,  its  total  length  being  1500 
feet.  Its  tubes  are  30  feet  high  and  14  wide.  Its  top  and  bottom 
are  cellular,  being  composed  of  two  parallel  sheets,  18  inches  apart, 
and  connected  by  cross-plates  which  form  a  scries  of  square  cells 
or  tubes.  The  material  is  boiler  iron,  from  f  to  J  inch  thick,  in 
sheets  united  by  two  million  rivets,  and  stiffened  by  sixty-five  miles 
of  angle  iron.  Heavy  trains  daily  cross  it,  with  scarcely  percep- 
tible vibration.  But  its  cost,  $2,500,000,  must  always  render  it 
more  a  subject  of  admiration  than  of  imitation. 

The  Victoiia  bridge  at  Montreal  is  on  the  same  plan.  The  centre 
span  is  330  feet,  and  12  spans  on  each  side,  each  242  feet  The 
plates  of  tubular  bridges  should  vaiy  in  thickness  in  the  same  ratio 
as  the  chords  and  braces  of  truss  bridges. 

TRUSS  WORK. 

Rider*8  truss.    This  is  Long's  bridge  in  iron. 

HeaiKs  strut  truss.    This  is  built  of  sheet  iron,  stiffened  by 

T  irons. 

NoTB.— For  a  discacBion  of  the  comparative  merits  of  the  Fink,  Bollman, 
Jon 68,  Marphy-Whipple,  Post,  Triangalar,  and  Linville  trusses,  see  Col.  Merrill 
on  "  Iron  Trass  Bridges  for  Railroads.*' 

Triangular  girders.  On  this  plan  is  Brunei's  "  Crumlin  Via- 
duct." It  has  10  spans  of  150  feet  each.  Each  span  composed  of 
nine  equilateral  triangles  15  feet  high.  Piers  200  feet  high,  of  cast 
iron  columns  strongly  tied  together. 

The  best  angle  for  the  struts  and  ties  is  45"*.  Depth  usually  i^ 
to  T^  the  length. 

Lattice  bridges.  In  a  good  one  of  six  spans,  each  90  feet  in  clear, 
the  height  was  10  feet.  The  angles  were  45°.  Width  of  upper  and 
lower  stringers  was  10".  Thickness  2f ",  made  of  three  bars  super- 
imposed. Lattice  bars  3i"  broad  and  f"  thick.  Distance  apart 
from  centre  to  centre  13".  Riveted  at  every  crossing.  Distance 
from  rivet  to  rivet  was  18".  The  objection  to  these  bridges  is,  that 
they  are  liable  to  buckle.  There  is  considerable  competition  be- 
tween the  advocates  of  these  and  boiler-plate  bridges. 
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II,    Arou&tb  Iron  Bkidgbb. 


I.  Cast  inm  ^reh.  This  is  tlie  strongest  of  all  fnmis  of  cast  jrol 
bridjjiH.    Whipple's  Hjch  truaa  is  one  of  this  olasa. 

An  Brch  forraeil  of  cflst  iron  lubes,  through  which  the  n 
paBsea,  eerves  as  both   a  bridge  aud  conduit  on.  tlie  Washiogton 
Aqueduct     Span  200',  rise  20',  diameter  of  tube  4  feet. 

Wrought  iron  arefiei  are  usually  of  the  bow-string  form. 

The  Bieel  arch  bridge  across  the  Mississippi,  &t  St.  Louis,  is  ts 
have  three  spans,  the  middle  one  being  SIS  ieet. 

Lave't  form.  The  greatest  one  ia  Branel's  Saltash  bridge.  It 
has  two  spans  of  445  feet  each. 

BUePENBIOM  BRTDOSa. 

Tarious  plans  are  proposed  for  stiffened  suspensiou  bridges  for 
railroads ;  among  them  are  these ; 
1.  Adding  a  heayy  and  stiff  piatlbrni. 
8.  Connecting  a  truss  with  the  chain.   (Nisgura.) 

3.  Making  the  chain  iiseif  a  Iruss.   ^Sec  Latliam,  plate  IL) 

4.  Suspending  many  points  of  the  platform  directly  from  th* 
piers.    (Dredge's  plau.) 

6.  Sustaining  the  biidge  and  load  us  in  Bollman's  brid^,  (IH 
rods  themselves  being  supported  by  a  chain.  (Ordish's  plan.)  8e( 
Latiiam,  plate  VI. 

fl.  Applying  stay  rods.    (Niagara.) 

Oompariemi  of  a  euepeTuion  bridge  and  a  girder.     Suppose 
each  of  400  feet  span  and  40  feet  deep.     The  weight  of  a  cliatn 
proper  strength  would  be  about  260  tons.     The  weight  of 
of  equal  strength  would  be  about  DOO  tons.      DDder  a  sUliODUJ 
load,  the  former  would  deflect  about  twice  as  much  as  the  laltoR 
"Under  a  moving  load,  such  as  would  cause  a  wave  or2  feet  on  tbl 
former  and  3  inches  on  the  latter,  the  shock  lo  the  Blnicturcs 
be  128  times  lis  great  on  the  suspension  bridge  as  on   the  otli^ 
Also  ofcillations  tend  to  accumulate  on  the  suspension  bridge. 

SeetioM  to  give  the  eJiaint.  The  French  government  rule  !b  tlili 
On  trials,  apply  40  pounds  per  square  foot  of  platform.  The  li 
alon  shall  not  exceed  for  bar  Iron  i,  and  Ibr  wire  i  the  bmtki 
weigbt,  which  ia  a  tSDwoo  corresponding  to  about  17|000poa* 
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and  26,000  pounds  per  square  inch  respectively.  The  strain  of  the 
unloaded  bridge  is  about  i  this. 

Roebling  allows  7  wires  of  i"  diameter  for  each  ton  of  maximum 
tension,  equivalent  to  320  pounds  per  wire,  or  i  the  breaking 
weight  The  constant  load  is  i  breaking  weight  The  vertical 
suspending  rods  are  loaded  to  only  t^  breaking  weight,  being  ex- 
posed to  shocks.  The  weight  of  the  .cable  increases  as  the  square 
of  the  span. 

Possible  length.  They  might  be  built  of  one  mile  length  or  span. 
For  example,  a  No.  10  wire  will  support  safely  a  strain  of  500 
pounds,  its  breaking  weight  being  three  or  four  times  that  Such 
a  wire  suspended  over  a  span  of  4000',  with  a  versed  sine  of  600', 
would  have  a  tension  of  only  212  pounds,  or  i  breaking  weight 
Such  a  wire  would  bear  its  own  weight  across  a  span  of  three 
miles,  with  a  versed  sine  of  tV  that 

The  East  River  Suspension  Bridge,  connecting  New  York  and 
Brooklyn,  is  to  have  a  single  span  of  1600  feet. 


STONB  BBIDGES. 

The  bridges  necessary  on  railroads,  when  of  stone,  present  pecu- 
liar difficulties  in  their  construction.  This  is  owing  to  the  fre- 
quently unavoidable  flatness  of  the  arches  (a  characteristic  which 
it  is  not  easy  to  unite  with  sufficient  strength,  both  in  reality  and  in 
appearance),  and  to  the  obUquity  with  which  they  often  cross  other 
roads,  and  which  compels  the  employment  of  "skew-arches," 
which  require  more  than  ordinary  skill  in  both  the  engineer  and 
the  builder. 

MOYABLB  BBIDOB8. 

L  Turning  bridges, 

1.  Turning  on  one  end. 

2.  Turning  on  the  centre,  or  pivot  bridges. 
II.  Lifting  bridges, 

in.  Sliding  bridges. 

1.  Raise  or  lower  one  end  of  the  draw,  and  ehove  it  baok 
on  roUenu 
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1.  Boat  bridges. 
^  Pontoon  bridgca 
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6PBCIFIGATI017& 


In  making  out  specifications  for  the  execution  of  any  work, 
eyeiything  should  be  plainly  expressed  and  nothing  left  to  be 
hiferred. 

bpecipications  for  grading. 

1/  Description  of  the  Work. 

This  usually  refers  to  the  maps  ana  plans  defining  the  centre 
line,  cross-section,  true  grade,  and  sub-gi*ade.  Grade  is  the  top  of 
the  bank,  as  completed  and  ballasted.  Bub-grade  is  from  one  to 
two  feet  below  this.  It  is  the  top  surface  of  the  earthwork  before 
the  ballast  is  put  on. 

2.  Prwt.tmtnaby  Work. 

Clearmg,  All  trees,  logs,  brush,  and  other  vegetable  matter  to  bo 
removed  from  the  ground  on  which  the  banks  are  to  be  placed. 

Orubbing.  All  stumps  and  large  roots  to  be  grubbed  out,  the 
entire  width  of  the  work. 

Mucking,  All  soft  earth  to  be  removed  down  to  two  feet  below 
Bub-grade. 

8.  Excavation. 

All  the  dimensions  should  be  given,  t.  e.,  width,  side  slopes,  etc. 
Also  the  distance  below  grade  to  which  the  excavation  is  to  be 
made  to  allow  for  ballasting.  Ditches  must  be  cut  along  the  top 
of  the  slope  to  protect  the  slopes  of  the  cut  Their  size  to  depend 
on  how  much  will  be  required  of  them. 

Classification.  One  railroad  divides  the  material  only  into  earth 
and  rock,  the  foimer  including  everything  except  rock  in  ledges  or 
boulders  measuring  more  than  10  cubic  feet 

Another  road  divides  it  into  earth  (including  "  hard-pan*'  and 
gtones  less  than  1  cubic  yard),  loose  rock  (comprising  detached  stones 
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of  1  cutic  yard  and  oyer),  and  solid  rock  (embracing  all  rock  m 

ledges). 

Another  road  has  also  three  classes:  solid  rock,  or  that  requiring 
blasting;  soft  or  rotten  rock,  requiring  the  bar  and  pick,  bat  not 
billeting ;  and  earth.  Detached  stones  less  than  3  cubic  feet  come 
in  the  last  class ;  and  those  between  8  and  20  cubic  feet  in  the 
second  class. 

On  tlie  Erie  Canal  enlargement  the  classes  were:  common  earth, 
hard-pan,  quicksand,  slate  rock,  and  solid  rock. 

How  mecuured  and  paid  far.  Excavation  is  sometimes  paid  for 
in  the  cut,  and  sometimes  in  the  bank. 

The  aterage  haul  should  be  named ;  also  the  distance  beyond 
which  extra  hauling  is  paid  for.  On  one  road  this  limit  was  1500 
feet,  and  beyond  that  the  contractor  was  paid  J  ct  per  yard  per 
hundred  feet  On  another  road  the  "  haul''  was  1000  feet,  and  tlie 
contractor  received  1  ct  per  yard  for  every  additional  hundred  feet 

Usually  the  grade  is  so  established  as  to  make  the  "  cut"  and 
"  fill"  nearly  balance,  and  the  whole  work  is  measured  in  the  cut 
and  is  paid  for  as  excavation  only,  unless  the  **  haul"  exceeds  the 
limit  named  in  the  specification,  in  which  case  the  extra  hauling 
is  paid  for.  In  case  the  cut  does  not  quite  make  the  fill,  the  extra 
material  is  measured  in  the  "  borrowing  pit,"  so  that  all  earthwork 
is  measured  in  the  excavation. 

4.  Embankment. 

IHmensums.    This  includes  width,  side  slopes,  etc. 

Material.  No  soft  mud,  muck,  or  vegetable  matter  allowed  in 
the  bank. 

Subiddence.  In  making  high  banks  in  the  usual  manner,  allow- 
ance must  be  made  for  settling,  and  the  banks  be  made  so  much 
higher  originally.    The  following  has  been  used  : — 

For  banks   6  feet  high,   3  inches 

{{  it  1A        ({  it  K  It 

«•  a       28     "        **        10       " 

"        "      85    "      "      11      ** 
For  intermediate  heights  allowance  is  made  in  the  same  proportion. 
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An  embankment  should  never  be  carried  up  to  any  piece  of 
masoniy,  as  a  bridge  abutment,  by  dumping  from  the  top  of  the 
bank  in  the  usual  way ;  but  should  be  wheeled  in  and  rammed  in 
layera. 

5.  Ballast. 

The  kind  of  ballast  to  be  used,  and  the  thickness,  must  be  named. 
If  of  gravel,  the  quality ;  if  of  broken  stone,  the  kind  of  stone  and 
the  size  of  the  pieces.    It  is  measured  on  the  finished  work. 

6.  Details. 

The  position,  size,  and  slope  of  the  ditches.  Providing  for  the 
passage  of  roads,  both  public  and  private,  and  of  water-coursea. 
Protecting  banks  from  the  action  of  water,  by  rip-rap,  slope  walls, 
piles,  etc.  Extra  excavations,  as  foundation  pits  for  bridges, 
stations,  etc.    Location  of  spoil  banks  and  bonow  pits 

SPECIFICATIONS   FOR    MASONBY. 

A  full  description  of  the  work  should  be  given,  accompanied  by 
the  requisite  drawings.  It  should  also  be  distinctly  stated  what  are 
the  requiiements  for  the  first,  second,  third,  and  fourth  class 
masonry ;  i.  e.,  the  size  of  the  stones  to  be  used,  manner  of  laying, 
arrangement  of  headers  and  stretchers,  kind  and  amount  of  dress- 
ing, thickness  of  mortar  joints,  (quality  of  cement,  etc. 

CLASSIFICATION  ON  THE  CROTON  AQUEDUCT. 

1.  Gut  stone,  "  This  means  that  a  tooled  draft  ly  wide  shall  be 
cut  on  the  face  and  joints,  so  as  to  bring  the  stone  into  the  proper 
lines  and  angles.  The  face  that  shows  is  to  be  axed  down  fair  and 
even.  The  beds  and  end  joints  to  be  dressed  so  as  to  be  laid  to  a 
joint  not  more  than  t%".  The  rear  beds  and  joints  to  be  dressed 
parallel." 

2.  WelJrhammered  work,  "  The  stone  is  to  be  taken  *  out  of 
wind'  and  dressed  with  hammer,  pick,  and  points,  so  as  to  admit 
of  beiug  laid  to  a  compact  joint,  not  more  than  }".  The  stones 
are  to  hold-  their  full  size  for  half  their  length  from  fi'ont  to  rear, 
and  on  the  rear  to  be  at  least  |  as  wide  and  J  as  thick  as  on  the 
front.    The  face  is  to  be  fair  but  not  very  smooth." 
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3.  Baughrhammered  work,  **This  means  that  the  stones  an 
to  l>c  dressed  and  funned  with  so  much  regularity,  as  will  admit 
of  their  being  laid  in  a  compact  and  substantial  manner  and  so  as 
to  make  good  lined  work."     See  pp.  186  and  187. 

The  hydraulic  cement  used  should  be  fresh-ground.  The  osnal 
proportion  of  sand  and  cement  for  cement  mortar,  is  one  part  of 
cement  to  two  of  clean  sharp  sand.  When  lime  is  used  in  the 
mortar,  the  usual  proportions  are,  one  part  of  cement,  two  of  lime, 
and  five  of  sand. 

RAILROAD  RESISTANCES. 

[note  to  page  265.] 

The  axU  friction  is  directly  as  the  radius  of  the  axle,  and  inyersely 
as  that  of  the  wheel.  Let  w'  equal  the  weight  resting  on  the 
wheels,  and  r  and  r'  the  radii.    Then  the  axle  friction  equals 

/it'  -  ;  in  which  /=  the  coefficient  of  friction  ^  .05  to  .017,  and 
-  =  T^j  to  -/ij.    As  a  mean  we  have  .035  w'  x  -ft  =  .0023  vf  or 

about  T^TT^'. 

The  rolling  friction  at  the  circumference  of  the  wheel  equals/ tr, 
w  being  the  whole  weight,  and /averaging  .001,  that  is,  about, 
.001  of  the  whole  weight,  or  about  one-half  the  axle  friction. 

Both  combined  equals,  approximately,  j^o  of  the  whole  weight 
The  fraction  tJ-j  is  often  used  for  the  friction  and  the  other  resist- 
ances at  yery  low  speeds,  at  which  they  are  very  small. 

The  friction  on  railroads  has  usually  been  determined  by  letting 
cars  run  down  a  steep  inclined  plane,  succeeded  by  a  level  or  an 
asccmt,  until  they  are  stopped  by  friction. 

Let  w  =  the  weight  of  the  car,  h  =  the  vertical  descent  of  the 
inclined  plane,  h'  =  the  vertical  ascent  of  the  succeeding  plane, 
«  =  the  distance  of  the  descent,  x'  =  length  of  the  ascent,  and 
/  =  the  coefficient  of  friction. 

Then  the  *'  work'^  accumulated  in  descending  =tr  A.  The  work 
done  before  the  car  comes  to  rest  =  fw  («  +  a?')  +  to  hf.    Equating 

^ese  two  expressions,  and  reducing,  we  get,  /:=     ~     .    If  the 
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second  plane  be  level,  this  becomes  /  = -^,    If  the  second 

fB   "T   * 

plane  desend,  /  = -7. 

•U    T    2/ 

Recent  experiments  indicate  that  the  friction  is  not  entirely 
independent  of  the  extent *of  the  surface  or  the  velocity,  but  that 
it  increases  somewhat  with  them  ;  and  under  great  pressures  it 
increases  somewhat  faster  than  the  weights,  owing  to  abrasion 
taking  place. 

The  resistance  of  the  air  is  found  thus  :  A  velocity  of  one  mile  per 

hour  =  ^^  ft  per  minute.    Then  the  formula,  «  =  — ,  becomes  for 

this  speed,  s  =  (M)*  -*-  2  x  32  =  0'.03a4  A  column  of  air  of  this 
height,  and  a  base  of  one  square  foot,  weighs  1  x  0.0884  x  0.08 
=  0.0027  pounds. 

[note  to  page  269.] 

A  simple  formula  by  D.  Oooch  for  the  resistance  on  rail- 
roads is  this :  The  resistance  of  the  train  in  pounds  per  T  (ton) 
=  6  +  .03  (t/  —  10) ;  in  wliich  «/  is  the  velocity  in  miles  per  hour 
That  is,  6  lbs.  per  t  +  0.8  lbs.  per  t  per  mile  per  velocities  beyond 
ten  miles  per  hour.  For  less  velocities  omit  the  second  term.  For 
the  engine  and  tender  take  twice  the  above,  ».  6.,  in  pounds  per  T 
use  12  +  0.6  («'  -  10). 

D.  K  Clark's  formula.  He  considers  pai*t  of  the  resistance  to  be 
a  constant  quantity,  and  the  rest  to  vary  as  the  square  of  the  velo- 
city.   He  gives  for  the  resistance  of  the  train  in  pounds  per  T 

0  4.  ^-,  For  the  engine  and  tender  take  the  above  amount  per 
T  for  them  as  carriages,  and  in  addition,  for  the  resistance  of  the 


«« 


machinery,  take  2  +  -^r-z.  pounds  for  each  ton  in  the  total  weight 

oOO 

of  the  train,  engine,  and  tender. 

Recent  French  experiments  make  the  total  resistance  of  the 

train,  including  the  engine,  at  speeds  of  from  16  to  25  miles'  per 

hour,  0.003  to  0.0045  of  the  whole  weight ;  from  25  to  37  miles 

per  hour,  from  0.0045  to  0.0085  of  the  whole  weight.     Excluding 

the  engine  and  tender,  it  was,  at  24  miles  per  hour,  0.004 ;  at  81  miles 

per  hour,  0.0066 ;  and  at  85  miles  per  hour,  0.008. 


[bote  to  paok  876.] 

A  aecent  in  a  Klraight  line. 
The  fHction  of  the  asle  and  of  the  wheel  is  now  redooed  iB 
the  ratio  of  1  :  cosine  of  the  an^le  of  the  slope  with  llie  borizoi 
but  this  diStii'encti  is  so  snmll  that  it  may  be  neglected.    The  rail 
ance  of  Ihe  air  is  not  changed. 

The  new  lesistauce  of  gravity  equals  W .  Bin.  ajigle  or  slope;  b 


1.  angle  of  alope  ^  w . 


horizontal  distance' 


The  Baltimore  and  Ohio  Railroad  has  gmdea  of  110  fL  per  i 
for  7  miles,  with  some  curves  of  000  ft.  radius. 

Ellel's  Mountain  Top  Track,  in  Virginia,  has  bd  average  of 
n.  per  mile  for  3  miles,  and  a  maximum  grade  of  296  A.  per  nub. 

Near  Genoa  a  railroad  has  a  grade  of  14?  ft  per  mile  for  G  ndl 
with  a  maximum  of  185  ft. 

The  Anatrian  Bemmeriug  Railroad  has  a  grade  of  132  ft.  ( 
sevenil  miles,  with  an  average  of  113  ft  for  13  miles,  aod  curvea 
(160  ft.  radius. 

The  Copiapo  Railroad,  in  Ohlli,  has  a  grade  of  19S  ft.  per  mi 
for  17  miles.  At  its  chief  incline  it  ha«  211  ft.  per  mile  Cm  211  mil 

The  Mexico  and  Vera  CruK  Railroad  ascends  7000  ft.  iu  55  mO 

The  railroad  iner  Mount  Cenis  has  a  grade  of  440  H,  per  mile  I 
li  miles,  nith  one  curve  of  139  ft.  radius.     Its  gauge  is  8.6  ft. 
has  a  middle  line  of  roil,  gripped  between  two  borir.ontal  wbee 
to  get  more  adhesion. 

[note  to  page  271.] 
Btnataiuie  on  eurvei. 
There  is  a  three-fold  difficulty  in  determining  the  reabtance ' 
curves,  viz.,  that  tbe  facts  are  few;  thatlhose  wehave  aredrScie 
in  details  of  speed,  character  of  engine,  condition  of  track,  ol< 
and  tiiat  we  do  not  know  what  allowances  wc  should  make  I 
these  dilfprcncea,  even  if  they  wei'e  all  giveu.  Tlie  Frtnch  «n| 
uers  have  worked  out  elaborate  formulas  for  theae 
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but  they  are  less  valuable  practically  than  the  results  of  observa- 
tion. 

It  is  now  proposed  to  give  some  of  these  results,  and  to  reduce 
the  I  esistances  of  the  curves  to  their  equivalent  grades  and  lbs.  per 
ton,  and  finally  to  the  equivalent  increase  of  distance :  this  last 
being  the  most  important  point  for  the  purpose  of  equating  lines. 

It  will  be  assumed  that  the  resistances  of  curves  are  inversely 
proportional  to  their  radii,  or  directly  to  their  "  degree,"  which 
equals  6730  divided  by  the  radius  in  feet  This  assumption  is  true 
hypothetically,  though  practically  the  sharper  curve  would  cause 
greater  proportional  resistance. 

No.  1.    Mr.  Latrobe's  experiments  in  1844,  on  the  Baltimore  and 

Ohio  Railroad,  indicate  that  a  cuitc  of  400  feet  radius  (14}**) 

doubles  the  resistance  as  compared  with  a  straight  and  level  line, 

for  an  eight-wheel  car  at  3i  miles  per  hour,  the  original  resistance 

being  7.5  lbs.  per  ton.    Then  a  V  curve,  or  5730  feet  radius,  would 

be  equivalent  to  a  resistance  =^  7.5  ■*•  \^  =  0.52  lb.  per  ton,  or  to 

5280 
an  ascent  per  mile  =  0.52  x  ^^^  =  1.23  feet. 

No.  2.  Mr.  EUwood  Morris  considere  this  too  much,  and  re- 
gards a  1"  curve  as  equivalent  to  an  ascent  of  1  foot  per  mile. 
This  corresponds  to  0.42  lb.  per  ton. 

No.  3.  On  the  Pennsylvania  Central  Railroad  (under  Mr.  Haupt) 
the  grade  was  reduced  on  curves  at  tlie  rate  of  0.025  foot  per  100 
feet  per  degree  of  curvature.  This  makes  a  1°  curve  =  1.82  feet 
per  mile  =  0.56  lb.  per  ton. 

No.  4.  Another  writer  says  he  finds  a  400  feet  curve  :=  21  feet 
per  mile.    Then  a  1°  curve  =  1.47  feet  per  mile  :=  0.62  lb.  per  ton. 

No.  5.  Mr.  W.  C.  Young,  when  superintendent  of  the  XJtica  and 
Schenectady  Railroad,  found  the  trains  to  increase  their  speed  very 
decidedly  on  passing  from  a  20  feet  straight  grade  to  a  level  curve 
of  700  feet  radius.  Then  a  1"  curve  gives  very  decidedly  less  resist- 
ance than  a  grade  of  2.4  feet  per  mile. 

No.  6.  On  tlie  New  York  and  Erie  Railroad,  a  curve  of  955  feet 
radius  causes  more  resistance  than  a  10  feet  grade.  Then  a  1^ 
curve  would  cause  more  than  an  ascent  of  1.67  feet  per  mile,  or  0.7 
Ih.  per  ton. 

No.  7.    On  the  Virginia  Central  Railroad,  Mr.  Ellet  found  a  300 
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feet  curve  to  cause  more  resistance  tlinn  58  fee'  greater  grade, 
about  OS  mucli  when  the  engine  flaDges  were  oileij.  Then  a 
cuiTG  would  cause  more  than  a  3  feet  ascent,  or  more  Ihau  U 1 
per  Ion.  This  ia  excessive,  hut  is  partly  accounted  for  by  1 
length  of  the  wbeel-ljase  of  the  engine.  The  exceedingly  smi 
rnriiuB  also  remoTes  this  case  from  the  ordinary  category, 

1  will  now  reduce  the  above  resistances  to  the  equivalent  distanCM, 
taking  the  resistance  on  a  atrsight  level  road,  at  the  freight  « 
of  IS  miles  per  hour,  as  lOj  Iba.  per  ton,  which  is  equivalent 
feet  ascent  per  mile,  and  the  resistance  at  the  pasaenger  speed  of 
^0  miles  per  hour  as  twice  this. 

The  difi'ei'ent  resislanceB  of  curves  for  different  speeds  will  not! 
talven  into  account,  for  want  of  data.     Tliat  portion  of  it  due 
friction  is  the  same  at  bU  velocities ;   but  that  due  to 
iiiiiat  increase  as  the  square  of  the  velocily, 
ing  force."    With  this  omission,  and  the  preceding  assumptiouit 
we  make,  approximately,  the  resistance  caused  bj  IiirniDg  a 
plete  circle,  or  360'  nf  curvature,  equivalent  to  tlie  following  In 
crease  of  distances  od  a  straight  and  level  line. 

No.  1.  This  makes  800'  equivalent  to  a  grade  of  1.33  feet 
mile,  for  3G0  x  100  feet  =  6.8  miles,  or  8^  feet  for  one  mile.  Ttd 
ie  equivalent  to  an  addiUonal  distance  of  8,3  -!-  24  ^  0.3S  mile  it 
freight  speed ;  or  to  about  half  this,  or  0.18  mile,  at  passenger  speei 
It  would  be  equivalent  to  about  half  a  mile  at  the  slow  speed  of 
tlie  esperimeat,  since  a  resistance  of  7.5  lb.  per  ton  would  be  d<iiib> 
led  by  a  grade  of  17  feet  per  mile,  and  8.3  +  17  =  0.48  mile.  Th* 
same  result  is  also  obtained  by  noticing  that  a  complete  cinde  of 
400  feet  radius  is  2513  feet,  or  nearly  halt  a  mile  long. 

No.  S.  This  makes  360°  equivalent  to  a  grade  of  1  foot  per  luib 
for  6.8  miles,  or  6,8  feet  for  one  mile ;  which  is  equivalent  to  6.8  - 
24  ^  0.28  mile  at  freight  speed,  or  0.14  at  passenger  speed. 

No.  3.  By  similar  reasoning,  this  gives  360'  ^  9  H'et  ascent  11 
one  mile  =  0.38  mile  at  fi-cighl  speed,  or  0.19  mile  at  pssseDgi 
speed. 

No.  4.  This  makes  360°  =  10  feet  ascent  for  one  mile;  or  0.' 
mile  at  freight  speed,  and  0.31  mile  at  passenger  speed. 

.Nos.  S,  6,  7,  may  be  Analyzed  in  the  same  manner. 

fixt  tTctBge  of  the  flwt  four  is  tliat  turning  800*  of 
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equivalent  to  the  running  an  additional  distance  of  0.36  mile  at 
freight  speed,  or  0.18  mile  at  passenger  speed.  No.  5  agrees  with 
this ;  No.  6  gives  more,  and  No.  7  much  more. 

The  great  disparity  between  the  proportional  resistances  of  curves 
at  low  and  high  speeds  would  be  lessened  by  taking  into  account 
the  increase  of  the  absolute  resistance  of  the  curves  at  high  speeds. 

Perhaps,  in  ordinary  cases,  one- third  of  a  mile  per  860*  would  bo 
about  a  fair  equivalent  in  equating  for  curves,  particularly  taking 
into  accoimt  the  other  objections  to  them. 

[note  to  page  146.] 

Staking  out  the  side-dopes.  The  '*  line,"  which  has  been  so  often 
spoken  of,  is  the  centre-line  of  the  road-^its  axis— and  the  stakes 
which  have  now  been  set  at  every  hundred  feet,  on  both  straight 
lines  and  curves,  have  marked  out  only  this  centre-line.  Before 
the  ^  construction'*  of  the  road  is  commenced,  other  stakes  must 
be  set  to  show  how  far  on  each  side  of  the  centre-line  the  cuttings 
and  fillings  will  extend.  The  data  required  are  the  width  of  the 
road,  the  depth  of  the  necessary  cuttings  or  fillings,  and  the  ratio 
of  the  side-slopes  to  imity. 

Assume  Uiat  the  road  is  to  be  20  feet  wide,  the  slopes  2  to  1,  and 

the  cuttings  6  feet  Add  half  the  bottom  width  to  twice  the  depth, 
and  the  sum  (10  +  2  x  6)  =  22,  is  the  *'  distance  out"  from  the 

centre  stakes,  at  which  the  cutting  stakes  must  be  set  They 
should  bo  marked  **  6.  + ,"  or  '*  Cut  6,"  and  be  driven  obliquely,  so 
as  to  point  in  the  direction  of  the  slope.  If  the  road  had  been  hi 
filling,  the  *'  distance  out"  would  have  been  the  same,  but  the 
stakes  would  have  been  marked  "  6.—,"  or  **Fill  6.'* 

Staking  out  the  side-slopes  is  thus  seen  to  be  very  easy  when 
the  ground  is  level  in  its  cross-section.  But  when  it  is  side- 
long, farther  calculations,  or  repeated  trials  with  a  levelling  instru- 
ment, are  required  to  find  the  "  distance  out"  which  will  correspond 
to  the  height  of  the  ground  above  or  below  the  grade  line  at  that 
precise  .distance  out  Take  the  same  width  of  road-  bed,  side-slopes 
and  depth  at  the  centre-line,  as  in  the  preceding  paragraph,  and 
suppose  the  work  to  be  in  excavation  and  the  ground  to  have  a 
sidelong  slope.     The  distance  out  from  the  centre  stake  to  the 

30 
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!  than  23  feet,  Ibr  tha 


Btake  on  the  ap-bill  side  will 
gmuud  rises  in  that  direction. 

Eatimste  by  eye  the  rise  from  the  centre  to  where  the  stake  ig 
be  set,  add  it  to  the  centre  heigiil,  and  calculate  the  distance  out, 
before,  by  multiplying  the  new  depth  [Le.,  the  depth  at  the  cent 
p1u3  the  estimated  rise)  by  the  side-slope,  and  to  the  product  « 
half  the  widili  of  the  road-bed.  Piud  the  height  at  thia  distanceo' 
with  the  leTelling  indtrumeni,  and  if  tt  agrees  with  the  estimau 
height,  the  point  has  been  correctly  taken ;  if  not,  try  again,  nn! 
tlie  eslimated  height  ngrees  nearly  enough  with  that  found  by  tl 
:i)strument  (on  railroad  work,  usually  to  within  one-lenth),  Oa 
the  down-hill  side  the  diEtaace  out  will  be  less  than  if  the  groutid> 
were  level.    It  is  estimated  in  a  similar  manner. 

In  staking  out  gmuud  for  an  embankment  the  same  method 
nsed.     A  riae  in  the  ground  will  now  decrease  the  height  of  Iii8< 
bank,  and  cousequeatly  the  diatance  out,  and 

When  the  difference  in  heights  between  the  upper  and  lower 
side-slope  stakes  is  so  great  as  to  necessitate  changing  the  instni- 
ment  in  setting  the  stakes  on  the  same  cross-section,  then  act 
stakes  on  one  side  of  the  tine  for  several  atations,  and  then 
the  instrument  and  set  those  on  the  oilier  side. 

"  Cross-section  rods"  are  often  used  for  this  work.     See  Ollli 
pie's  "  Levelling  and  Higher  SurreyLng,"  Fig.  53. 

A  general  formula  tor  any  case  may  be  readily  investigated. 
Examining  first  the  np-hill  side,  and  calling  the  slope  of  the  gronndi 
m  to  1 ;  that  of  the  side-slopes  n  to  1 ;  the  desired  distance  fton 
Tie.  H. 
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theboLiom  angle  of  the  cutting,  rf;  and  the  height  of  the  groauA 
above  tha'.  bottom  angle,  A ;  we  obtain  (as  on  page  121), 
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-  =  A  +  — ;  whence,  a  ss  A . 


n  m  m  ^  n 

20 
If  A  =  6,n  =  2,andm  =  10,<i  =  6  x  -^=^15.    Then  the  iii)-hill 

o 

catting  stake  will  be  10  +  15  =  25  feet  ttom  the  centre  stake. 
Examining  next  the  down-hill  side,  and  using  a  symmetrical 

notation,  we  have,  —  =  A' ,  whence,  ef  =  A' . .    Let 

20 
A'  =  4,  n  =  2,  andm  =10,  (f  =  4  x  ~  =  6.7,  and  the  "  distance 

out"  of  the  down-hill  stake  will  be  10  +  6.7  =  16.7  from  centre. 

Cases  of  embankment  will  be  represented  by  the  above  figure 
Inverted. 

Let  p  and  q  be  the  reciprocals  of  the  slope  ratios  It.  6.,|>  =  — , 

and  9  =  - ) ,  or  p  and  g  ^  the  heights  divided  by  the  bases.    Then 
the  formulas  are  simplified,  and  become, 

d  2= ,  and  <f  =s 


Formulas  of  this  kind  are  seldom  used  in  practice.  Side-slope 
stakes  can  be  set  very  rapidly  by  the  method  of  repeated  trials, 
ghren  before. 
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MISCELLANEOUS  PUBLICATIONS  —  CorUinwcU 

LIBRARY     OF     HISTORY. 

Ancient  and  Mediaeval  Republics.     Mann. 

A  review  of  their  institutions,  and  of  the  causes  of  their  decline  and  falL  By 
Henry  Mann.    8vo.    584  pages,    cloth. 

Outlines  of  General  History.     Gilman. 

The  number  of  facts  which  the  author  has  compressed  into  these  outline  sketches  is 
really  surprising ;  the  chapters  on  the  Middle  Ages  and  feudalism  afford  striking  ex- 
amples of  his  power  of  succinct  but  comprehensive  statement.  In  his  choice  of 
representative  periods  and  events  in  the  histories  of  nations  he  shows  verjL  sound  Judg- 
ment, and  his  character^tion  of  conspicuous  historical  figures  is  accurate  and 
impartial. 

Great  Events  of  History.     Collier. 

This  celebrated  work,  edited  for  American  readers  by  Prof.  O.  R  Willis,  gives,  in  a 
series  of  pictures,  a  pleasantly  readable  and  easily  remembered  view  of  the  Christian 
era.  Each  chapter  is  headed  by  its  central  point  of  interest  to  afford  association  for  the 
mind.  Delineations  of  life  and  manners  at  different  periods  are  interwoven.  A  geo* 
graphical  appendix  of  great  value  is  added. 

History  of  England.     Lancaster. 

An  arrangement  of  the  essential  facts  of  English  history  in  the  briefest  manner 
consistent  with  clearness.    With  a  fine  map. 

A  Critical  History  of  the  Civil  "War.     Mahan. 

By  Asa  Mahan,  LL.D.,  author  of  "Intellectual  Philosophy,*'  "Elements  of  Logic," 
&c.  First  president  of  Oberlin  College,  Ohio.  With  au  introductory  letter  by  Lieut- 
Gen.  M.  W.  Smith  of  the  British  army.    Svo.    450  pages.     Cloth. 

The  plan  of  this  work  is  to  present,  not  the  causes  and  details  of  facts  which  led  to 
the  war,  but  the  conduct  and  management  of  the  war  on  the  part  of  those  concerned. 
It  is  a  matter  of  present  and  future  importance  to  Americans  to  know  not  only  how  the 
war  was  conducted,  but  also  how  it  might  have  been  more  successfully  carried  on. 
The  author  has  made  the  science  of  war  a  sut(ject  of  careful  and  protracted  study,  and 
his  views  are  pronounced  and  scientific.  He  takes  strong  ground,  writes  with  Aigor, 
and  the  interest  of  the  reader  is  fully  sustained  from  the  banning  to  the  close  of  the 
book.  His  conclusions  have  already  passed  into  history,  and  this  work  will  be  r^iaixied 
as  one  of  the  most  important  contributions  to  the  literature  of  the  subject. 

Europe  under  Napoleon  First.     Alison. 

A  history  of  Europe  from  1789  to  1815.  By  Archibald  Alison.  Abridged  by  Edward 
8.  Gould.    1  vol.    8vo,  with  appendix,  questions,  and  map&    550  pages. 


"  It  seems  to  me  an  excellent  abridg- 
ment .  .  .  Written  in  clear  and  chaste 
style,  presenting  the  narrative  in  exact 
form  for  the  general  reader.  . .  .  "^  Judob 
Joseph  Stort. 


**One  of  the  best  abridgments  lever 
saw.  The  material  facts  are  all  retained, 
and  Mr.  Gould  has  displayed  great  indus- 
try and  skill  in  preserving  the  substance 
of  so  fireat  a  history. "  — Chancellor 
Jaj«es  Kent. 

History  of  Rome.     Ricord. 

An  (Mitertaininj?  narrative  for  the  young.    Illustrated.     Embracing  successively,  The 
Kings,  The  Republic,  The  Empire. 

History  of  the  Ancient  Hebrews.     Mills. 

The  recf)rd  of  "Go<rs  jieople"  from  the  call  of  Abraham  to  the  destruction  of  Jeru- 
salem ;  gathered  from  sources  sacred  and  profane. 

The  Mexican  V/slt.     Mansfield. 

A  history  of  its  origin,  and  a  detailed  account  of  its  victories  ;  with  official  despatches, 
the  treaty  of  peace,  and  valuable  tables.    Illustrated. 
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MOCELLiNEOL'S    I'UBI.ICATIONS  — rMlinr«-l, 

Lessons  on  Political  Economy. 
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